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«ln,ctal. pmfcrabty a lancing^^blv- anT M a^™^.™«T^ »i an ana of skJn from which said sample is to be 

the invemion. a pncuraatk: l4i^n^^ifo" 1^ P»efc«Wy. the apparatus inctode. a housing. In a fmZ aspect^ 

into skin tissue. I„ another ^^^^TJX.T'lXr'r:-?'^ t"!^ ''J!"™'* ««" E^a p^„ to thrust a lancet 
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be used .n conjunction with a n.e.ex that measure. t^^^r^nJ ^^^^^^^^JZ^ ''^ 
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METHQP ANP APPARATUS FOR OBTAHJiMn- BLOOn FhR 

DIAGNOSTin T^ QTQ 

» ^^^^^^^^^^^^^^^^^^^^^ 



BACKGROt^ND OF THP it >i^ 

1- Retd of the Invqn^i^p 

This Invention relates to a method and apparatus for obtaining s^ples of 
bfood for (fiagnostic purposes. 

4 ' ■ • 

.... 

2. Discusslor> t^f j\rt 

The prevalence of diabetes has been Inaeaslng markedly in ttie vro^^ At 
this time, diagnosed diabetics repre^nt about 3% of the population of the United 
States. H is believed that the total actual nuinber of diabetics in the United States is 
over 16,000,000. Diabetes can lead to numerous cpmpllcations. such as, for 
example, retinopathy, nephropathy, and neuropathy. 

The nhosi Important factor for reducing diabetes-associated compHcations fe 
the maintenance of an appropriate level of gliieose in the blood stream. The 
maintenance of the appropriate level of glucose In the blood stream may prevent 
and even reverse niany of the effects of diabetes. 

Glucose monitoring devices of the prior art have operated on the priridple of 
taking btood from an individual by a variety of methods, such as by needle or 
lancet, An liidivldual then coali a paper strip carrying chemistry wHh the btood, 
and finally inserts the blood-coated strip into a btood glucose meter for 
measurement of glucose concentration by dotermination of change in reflectance. 

The medteal apparatus of the prior ar^ for monHoring the level of glucose in 
the Wood stream required that OT lndhrtdual have s^^^ a needte or 

lancet for extracting btood from the Individual, strips carrying blood chemistry tor 
creating a chemical reaction with respect to the glucose in the blood stream and 
changing cotor. and a btood glucose meter for reading the change in cotor 
indicating the level of glucose In the btood sueam. The level of blood glucose 
when measured by a glucose meter, is read from a strip carrying the btood 
chemistry through the well-known process of reading reflectometers for glucose ' 
oxidation. 

Generally lancets comprise a blade ^ind a pressable end opposed thereto 
with the blade having an acute end capable of being thrust into skin of a human ' 
By striking the pressable portton. the acute end of the blade will pierce the skin for 
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example, of the finger. The finger lancet is primarily used to obtain small volumes 
of blood, i. e., less than 1 mL Diabetics use the finger lancet to obtain volumes of 
blood less than 25 for armlysis for gtucbse. A small amount of bbod for the 
blood test will ooze out of the skin. There are many small blood vessels in each 
finger so that a finger can be squeezed to cause a larper drop of blood to ooze. 
The ftnger is one of the most sensitive parts of the body; accordingly/ the finger 
lancet leads to even more pain than what would be experienced by extracting 
blood via lancet at a different body site. The finger lancet presents another problem 
because of the limited area available on the fingers for lancing. Because it is 
recommended that diabetics monitor their blood glucose levels four to six times per 
day, the limited area on the fingers calls for repeated lancing of areas that are 
already sore. Because fingers are sensitive to pain, it is a recent tendency that the 
arm is subjected to blood sampling. See, for example; U. S. Patent No. 4^653,513. 
The device of U. S. Patent No. 4,653,51 3 comprises a . cyfrndrical housing and a 
lancet support/which has a gasket or flexible portion slidably accommodated in the 
housing. Springs will retract the lancet support to thereby reduce air pressure in 
the housing so that it sucks a btood sample^ automatically and immediately after a 
lancet pierces the skin. See also U; S. Patent No. $,320,607/ which cflsclbses a 
device comprising a sealed vacujm chamber In a state of preexisting reduced 
pressure, a support member tor the sealed vacuum chamber, the support member 
defining a suption portion adjacent the sealed vacuum chamber, ttie suction 
portion, in cooperation with the sealed vacuum chamber, exposing an area of the 
skin of a patient to a reduced pressure state when the device is actuated, and 
means arranged within the suction portion for slightly rupturing a ponion of the area 
of skin of the patient exposed to the reduced pressure state. 

Because the blopd volume requi renrvents for a standard glucose test strip are 
typically 3:]iL or more, an area of the body that can generate that mucfi btood frorti 
a lancet wound must be used, it is believed, however, that improvements in 
glucose test strip technotogy will reduce the volume of blood needed to 1 to 3 
Because the finger is well supplied with blood and the amount of blood can be 
increased by squeezing the finger after lancing, the ftnger is the cunrently preferred 
body site for landrig, even though lancing of the finger is panful. 

A less p£unful technique for obtaining body fluids could be found if a reliable 
method were found for lancing a body part that is less serisitive to pain than the 
linger and obtaining a useful amount of blood from that body part. A body part such 
as the forearm is much less sensitive to pain than the finger, but the amount of 
bbpd resulting from the lancing procedure is generally of an inadequate volume 
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tor use »ilb currem daeaion techootogy. Ways of increaslnfl Wood flow to fl» 
flnser a« common i™wtedge. The rooommendaSon is madeio abeite to ft,n 
««T nnser unde, hot «at« prtor to landno *> improve the Mood to» m «» 
^d he amo„m o^biood coHecled from the tinger. Running ho. water over 
P^to .mprove blood flow is impractical tar areas suciv as the torBam, Or thigh ^e 
availabilit)f Dl hot water is also a concern. ""an. ine 

_ f ha Wood Obtained irdm a lancet SBC* has typical^ been mamall, 

nanslerred by the user from the rmgef 10 the detector. However, such ntlifii 
uanster is ..Itolt tor users wh, exhibit poor tferterity. poor ^e^oT^^ 

prcne to shaking (hypoglycemic diabetics). Manual Uansfe, can alsi 
in the glucose determination if too much or too little Wood is transferred 
„M ■ " "> *™lop a technique and apparatus for 

obtainmg btood for djagnostic purposes in a painless. reBable raannTr 

<=°"™"«ona! lancing devices, suth as those described in U S Patent 

avarlaWe. disposable lancets. Most conventional fencing dertces are not ^ 

^tegraed with a diagnostic instmment. A conventional landng mect^m 
a of a housing, a gUded shaft having a lance, holder a. one end 

a m^n spnng (usually hellcaO that supplies the mechanical energy to axlaJy 
accelerate the shaft, end a return spring that ,«,tially reuacts the shaft after 

tancng has occunei The user must first insen a lancet into the holder tt»n 
i^al ly s,de ,he shaft until the m^n spring is compressed andihe shLf, is 

to^ .«o«s-c<>*ed-positton, then place the device agalnst u^^ ««„ 

The lancet «quK*lyratracted from the s«n by the force of tt« rahin spring 

e»» '^^^ would have severaf disadvantages for-an 

^^ftal combines M» processes of lancing, fMd oonedng, and analyte 
sensing into one aun>mated instamtent. The first dfeadvantage Is the noce^HV 
^^nuallyc^fdngthelandngmechanismpriortoeachu^. Mant S 
«lnconvenent for the user and generally adversely affects the automated 

™Z?°"",'f"'"^'"''"'™'"' "^'^•"^"B also prohibits rapa, 
^nbal bnc.ng of the target skin. Sequential lancing could increase the 

volume of bK-k^ical fluid coitected The second disadvantage is that t^ 
rj^H?^ 'I^' '^'" P''^^ "ser if the device is 

T^"^ '"™*' ""'^ "ser and cause 

tecbmcal proWems Within an automated landng system. The user would be 

(urtt^r mconvenienced by having to re-cock the mechanism after accidental 
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triggering. The third disadvantage Is that the convisntlpnal return spring Is 
generally not able to cpmpjetely retract the tericet, due to the opposing force, of 
the main spring. Partial rotracUpiv may subject the user to acddental punctures 
when handling the Instrument before or alter use* particularly when the lancet Is 
located near other disposable components, such as f yd sanH>le collection 

strips., . 

H would therefore be desirable to provide a lancing device that eliminates 

one or more of the foregoing disadvantages. 



RUMMARY OF THE INVENTION 

% " ■ • ■ • • • • . .• : ■ . 

This invention provides a meithod and apparatus for extracting & sample of 
blood from a patient for subsequent diagnostic tests, e.g», glucose! monitoring. In 
one aspect of the Invention/the method comp^^^ 

(a) forming an unobstructed opening in the areia of the skin from which 
the sample of blood is to be extracted; and . . r-^..., • ' 

(b) extracting the sample of blood from the uiiobstmcted opening in the 
skin, with the aid of yacuum and stretching pf the sWn. 

In a preferred embodiment of the method, slejp (a) is preceded by the step of 
increasing the availatwlity of blood In the portion of the skin from which the saitiple 
is to be extracted. In this pretended embodiment, the availability of blood In the 
portion of the skin from which the sample is to be extracted can be increased by 
means of a vacuum, which is applied to the surface of the skin in the vicinity of the 
opening prior to forming the opening in the skin. The vacuum causes the portion of 
the skin in the viciriity of the blood extraction s^^ become engorged with bkxKL 
The vacuum also causes the portion of the skin in the vidhity of the btood extraction 
site to become stretched. An opening in this stretched portion of skin can to 
formed with a cutting or puncturing device, e.g., a lancet, or other device capable of 
forming an opening in the skin, e. g., a laser or a fluid jet. If a cutting or puricturing 
device is used to fonm the opening, it must be retracted from the opening prior to 
the step of extracting the sample of blood from the opening. This retraction will 
altow the unrestricted flow of blood through the opening. After the opening is 
formed, a vacuum is used to aid in extracting the sample of blood from the opening 
in the skin. The sample can be analyzed from the drops of blood that collect on the 
surface of the skin at the site of the opening by applying the blood directly to a 
glucose detector. It is preferred, however, that the sample be collected in such a 
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manner, e. g., via a capillary tube, that it can be analyzed by cpnyentlonal 
diagnostic devices, such as. for example, a biosenson In another preferred 
embodiment, the sample can be colected in a collection zone that is integr^ed 
with a conventional diagnostic device, e:g., a biosensor. If a glucose detedor is 
used, it may be held stationary within the device throughout the blood collection 
procedure or may be moved nearer the lancing she after the lancet is retracted by j 
triggering or other mechanism. 

In an aHemalive of the aforementioned preferred embodiment, the 
availabiHty of blood in the area of the sWri from which the sample is to be extracted 
can be increased by means of applying thermal energy to that area of skin. The 
thermal eniargy causes the blood in that area of the skin to flow more rapldiy. 
thereby anbwlng more bk)od to be cWlected per given unit of tim^^ In this 
alternalive embodiment, steps (a) and (b) can be carried out in the same manner 
as they were canied out in the aforementiorjed preferred embodiment. 

In another aspect of the invention, an apparatus for collecling a sample of 
body fWd for analysis in a diagnostic test. e. g., bk>od. is provided. In a preferred 
embodiment the apparatus cbrr^'ses: 

(a) a housing; 

(b) a device for fpmjing an unobstoicted opening in an area of skin from 
which said saiTiple Is to be extracted, preferably a lancing assembly; and 

(c) a vacuum pump. 

• ' * 

It is also possible to dispense with the housing. However, the housing is preferred 
for the convenience of the patient and the protection of the cornponents. 

The vacuum pump requires a source of power. If the apparatus includes a 
housing, the source of power cart be disposed wfthin the houslog. ABemalwely, 

the source of power can be exterrial to the housirig. 

The prefened device for forming an unobstmcted opening Iri the area of the 
skin from which the sample of blood is to be extracted is a lancing assembly, which 
comprises a lancet for fonning an opening In the skin. Altemalh^ly, the 
unobstructed opening in the^kin can be formed by a laser or a fluid jet. 

The vacuum pump can serve the dual purposes of (1) stretching the skin and 
(2) enhancing the extraction of the sample of blood from the unobstmcted opening 
in the skin. Preferably, the vacuum pump can serve the triple purposes of {1 ) 
stretching the skin, (2) increasing the availability of btood to the area of the skin 
from which the sample is to be extracted, and (3) enhancing the extraction of the 
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sample of blood from the unobstructed opening in the skin. Preferably, the housing 
further contains eteclronic?s having programmed instructions to switch the vacuum 

pump on and off to maintain the desired level of vacuum. 

"?•/..'.•.. • • • •■ 

The apparatus preferably contains valves, such as, f pr example*, solenoid 
valves, for triggering the lancet of the lancing assembly and releasing the vacuurri 
at the conclusion of the blood extraction procedure. The apparatus can optionally ; 
contain a healing element to inprease the availabifity of blood to the £irea of the 
skin from which the sample is to be extracted. The apparatus can also contain a 
glucose detector integrated with the apparatus, e. g., a biosensor, to analyze the 
sample of blood collected by the apparatus. 

\n another aspect of this Invention, a lancing assembly that uses 
differential gas pressure to thrust a lancet into skin tissue has been devetoped. 
This lancing assembly effectively utilizes low-pressure gas, which is preferably 
provided by the aforementioned vacuum pump, and high-pressure gas, which js 
preferably provided by aml)ient air isurrounding the apparatus, tq thrust the 
lancet, puncture the skin, and then retract the lancet from the sWn to produce an 
unobstructed opening to allow access to biological fluid. TheJaridng a^s^rrib 
eliminates the need to manually force the lancing mechanism into a latched, or 
"cpcked^ position prior to each use, and also eliminates the need for a 
mechanical trigger to release the latch to allow the lancet to be thrust intp the 
skin. Elimination of the requirement ta manually pock the lancing mechanls|m . 
allows the lancing assembly to l>e contrblled exclusively by electronic means/ 
Such means of control is desirable when used in conjunctlpn with an 
automated instrument, or when a continuous series of lancing steps is desired. 

The lancing assembly that utilizes differential gas pressure comprises: 

(a) a holder for hokfing a lancet assembly; . 

(b) a means for providing sufficient force to cause the holder to l>e 

maintained in a position whereby a lancet assembly in the holder wouki be 
positioned away from the sWn of the patient; and . 

(c) a means for allowing a gas to provide sufficient force to 
overcome the force provided by the holder maintaining nrieans, whereby the gas 
causes the holder to be moved to a position whereby a lancet in the holder wouU 
be able to pierce the skin of the patierit. 

In one embodiment, the lancing assembly comprises a housing, a lancet 
holder, a piston for moving the lancet holder, a bore in which the piston moves 
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toward and away from the target skfn tissue, a means fpr biasing the pistohi e. 
g., ^ return spring or a bellows, away froiin the target skin tissOo. and a cap. The 
hou^ng has a manifold Into which a three-way viahre can be fitted.^ The threer 
way vahre selectively allows high-pressure air from a source Vernal to the 
housing to pass through an Inlet port to a bore port, thereby causing the level of 
pressure In the bore to increase. The air pressure In the bore thrusts the piston 
toward the target sWn tissue while simultaneously compressing the piston 
biasing means. The piston i? halted by the cap or by a stnjcture In the 
instrument designed to fimit the penetration depth of the lancet in,the skin. The 
three-way valve then, directs the air in the bore to flow out through an exit port to 
a source of low-pressure air, e. g., ai» evacuated air cavity In the apparalusy 
thereby causing the level of pressure In the bore to decrease, and consequently 
allowing the piston biasing means to force the piston back to its pre-thrust 
position In the bore. 

* ' • ■ . - . - " 

In another aspect, this Invention provides an article dapabie of botfi 
collecting blood and detecting an analyte in that blood Preferably, the article is 
also capable of measuring the amount of analyte In the blood, the arHcIo, which 
contains an appropriate detection element for determining the amount of analyte In 
the blood, can be used In conjunction with a meter that measures the signal 
generated by the detection element of the artteie. 

In one embodiment, the article Is a multiple-layer element comprising: 

■ * 

• ■ * . ■ 

■ 

(a) a layer capable of receiving bkxKf and transporting the blood 
received by means of chemically aided virfcklng; 

(b) a layer capable of detecting the presence of analyte or 
measuring the amount of analyte in bipod; and 

(c) a layer that dan be placed In contact with a meter, the meter- 
contadable layer overlying the Wood-transjwrting layer, said layer (a) capable of 
transporting btood to saki layer (b). 

In a preferred embodiment, the article is a multiple-layer element comprising: 

a covering layer having an opeiting therein; 

(b) a layer, overlying the covering layer, capable of receiving 
bk>od through the opening In the covering layer and. transporting btood by means 
of chemically aided wicking; 
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(c) a layer that can be placed in contact with a meter, the meter- 
dorrtactable layer overlying the blood-transporting layer; and 

(d) a layer capable of detecting the presenpe of analyte or 
measuring the amount of analyte In blood, which layer Is disposed between the 
covering layer smd the meter-cphtadlable layer and Is capable of receiving blood 
from the blobd-transporfing layer. 

An optional overcoat layer can be interposed between the covering layer and the 
meterK»ntaclablB layer to restrict the ilow of btood in the blood-transporting layer. 

In another embodiment, the blood-transporting layer can be eliminated. In 
this embodiment, the meter-eonlactable layer and the covering layer utilize 
capillary aclion to tranpprt the blood by car»llary flow to the detecting layer. 

in order to use the muttiple-iayer element, a vacuum is used to stretch the 
skin and draw the skin into contact with the covering layer of the element. The 
vacuum Is applied for a suffiGient period of time to cause blood to pool in the 
stretched skin. Then an unobstructed opening is formed in the skin, typically by a 
retractable lancet. Bipod emerges from the iinobstoicted opening in tbjs skin, and 
enters the blood^transporting layer. The opening in the covering layer rendisrs it 
possible for the blood emerging from the unobstructed opening in the skin to enter 
the blood-transporting layer. The blood then moves along or through the bloods 
transporting layer tothe detecting layer. Preferably, the detecting layer comprises 
an electrochemical sensor or an optical sensor. A chemical reaction occurs at the 
surface of the detecting layer. The result of the chemical reaction can then be read 
by a meter. 

The multiple-layer element integrates the the blood-transporting layer, the 
meter-contactable layer, the detecting layer, and* when employed, the covering 
layer into one element This irt^graled element can be made at a low enough cost 
to be disposable. The multiple^Iayer element makes it possible to ot>tain iaccurate 
results with small samples of blood, because no btood is spilled during transfer of 
the blood to the detecting rayer. 

The multipie-layer element can wick up blood that emerges from th^ 
unobstructed opening formed in the skin and direct the blood to the detecting layer 
of the multiple-layer element where a diagnostic test, such as, for example, 
measurerhent of concentration of analyte, e. g.; glucose, in blood, is made. 
Transfer of the blood by manual means is not required. The detecting layer can 
also be used for the additional purpose of sending a signal to the btood collecting 
apparatus of this invention to release the vacuum when suflicieht bipod has been 



W09»24366 

PCr/US97/22^J8 

" 9 ■ 

glucose moniloiina tesK. Rt»«nri ^ ' ""xwnj 



InaeasinB the avaibWIity 01 btoixl a the site Wtam .hrw 

blood at the inleivals prescribed by his doctor. ?«icose levels m the 

■ I * ■ 

PRIEF DESCBtPTIQM pp^^„riMj 
FIG. 1 is a plan view of the components of a oroforrort omi^^ 
FIG. 2 IS a schematic diagram Hlustralina how a vamum^^^^ 
reMon=^i^? ^ "G-^abo ilkKUaesthespaia 

embod.™',^ « ■'ao'am i.us.re«„9 ,he elec«,„ics of t.» pre.e,«d 

InventiOh ««*««™«"' "« 'ho apparatus ottWs 

niioft in this figure, the housing of the apparatus is opea 



perspective 



invention in this fioum tho h« - • oi me apparatus of this 
oa in th.s figure, the housing of the apparatus is open. 
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FliS. 1 0 is a perspective view oi an embodiment of the apparatus of ti;us 

* * - • ' " ' * . ' . 

invention. In this figure, the housing of the apparal 

FIG. 1 1 is an elevationai view, in cross section, of oiie embodiment of the 
lancing assembly of this' invention in asserhbied ro^ 

FIG* i 2 is an exploded view, in cripss section, of the lancing assembly of FIG. 

11. 

FIG. 1 3 is a schernatic diagram illustrating the |M>sitionlng of the componerits 
of the lancing assembly of this invention. In this figure, the larK^et assembly has not 
yet t>een inserted into the lancet holder and the valve has not yet been inserted into 
the valve manifold. . 

FIG. 14 is a schematic diagram illustrating the positioning of the components 
of the lancing assembly of this invention. In this figure, the lancet has been 
inserted into the lancet holder and the valve has t>een inserted into the valve 
manifold. 

FIGS. 1 5 A» 1 5B, and 1 5C are schematic diagrams illustrating the laricing 
assembly of this invention in the pre-lancing position, the lancing position, and the 

. * * * ■ ' ■ - . 

posl-lancing position, respectively. 

FIG, 16 is an elevationai view, in cross section, of another embodiment of the 
lancing assembly of this invention in assembled configuration. 

FIG- 1 7 is an exploded view, in cross section, of the landng assembly of FiG: 

16. • 

FIG. 18 is an elevationai view, in cross section; of another embodiment of the 
lancing assembly of this invention iri assembled configuration. 

FIG. 1 9 is an exploded view, in cross section, of the lancing assembly of FIG. 

18. 

FIG. 20 is an elevationai view, in cross section^ of the lancing assembly of 
this invention installed in an embodirhent of an apparatus of this invention. 

RGS. 21 A and 21 B are exploded perspecth^e views of a multiple-layer 
element for collecting blood and detecting an analyte. FIG. 21 B is a peeled-apart 
exploded perspective view. 

FIG. 22 is a top plan view of one embodment of a muitiplerlayer element 
wherein the bbod-transporting layer is a fine mesh. 

FIG. 23 is a bottom plan view of the embodiment of the multiple-layer 
element of FIG. 22. 

FIG. 24 is a top plan view of one embodiment of a multiple-layer element 
wherein the blood-transporting layer is a coarse mesh. 
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^'G. 25 is a top plan View of onb embodrment Of a muttipl^^^^ 
wherem the blood-transporting layer is a fine mesh having an opening formed 

^ Ra 26A is a top plan view of one embodiment of a multiple-layer element 
Wherein the blood-trarisporting laye^r is a fine mesh. The rtieter-contadable laver 
has tvi^o openings punched therein. 

""'G- SeB is a top plan vievif of one embodimert of a multiple-layer ete^^^ 
wherem the btood-transporting layer is a fine mesh. The iheter-cortactable layer 
has a single opening therein. . / 

'''^•27 is atop plan view of one embodiment of a muWple-layerelemem 
wherein the blood-transporting layer abuts one end of the element 

FIG. 28 is an exploded etevational view of a multiple-layer element of this 
invention. 

^ FIGS. 29A. 29B. 29C. and 29D schematically Illustrate a procedure by which 
the method of this invention is carried out with the muHiple-layer element of this 
invention. 

FIG. 30 is a graph illustraung average electrical charge as a function of 
gkicoso level In the blood. 

FIG. 31 is a graph inuarating pairi of lancet of forearm comp^^^ 
lancet of firiger, 

'''^S. 32 is an elevaUonal view of a cross secUoH of a preferred embdtf 
of a nosepiece of this invention. 

FIG. 33 is a series of etevational views ofcross sections of various 
embodiments of nosepieces suitable for use In this invention. 

FIGS. 34A. 34B, 34G, and 34D are schematic diagrams of the positioning of 
tte n^epiece of the apparatus of this Inventton relative to the land^^ assembly 
the detection element, and the skin prior to application of vacuum, during 

applKation of vacuum, during lancing, and during blood collection and analysis. 

respectively, ^ 

■ • . • . • 

FIG. 35 Is a series of elevationaj views of cross sections of various 
embodiments of nosepieces suitable for use in this invention. 

FIG. 36 Is a graph illustrating the effect that various embodiments of 
nosepieces have on filling time of a detecting element. 

as a hnl^^l'.^^'^ *^ ''^'^^ ^""^ «" ^ -""'"pie-layer element 

as a function of the nosepiece used. 

FIG. 38 is a graph Illustrating the percent filled, as a function of the 
nosepiece used. 
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FIG 39 is a series of elevational views of cross sections and top plan views 

Of various embodiments of nosepjeces suit£d)le for uise in this invention 

FIG. 40 is a graph IHustratIng airflow rate as a function of the noseplece 

used. 

FIG. 41 is a graph illustrating the average volume of blood cpHecf^d as a 
function of the material used to make the seal of the nosepiece asserribly. 

FIG. 42A is an elevational view of a cross secfioh of a prefenred emt)odinient 
of a nosepiece of this invention, wherein the seal is In a first posrllon. FIG. 42B is 
an etevatiooal view of the nosepiece of FIG. 42A, wherein the seal is In a second 
pmsition. 

FIG. 43, comprising FIGS. 43A tiirough 43C, depicts a perspective view of an 
emtx)diment of the apparatus of this invention. In FIG. 43A and 43B,the housing of 
the apparatus is open. In FIG. 43C, the housing of the apparatus Is closed. 

FIG. 44. comprising FIGS. 44A and 44B, depicts a perspective view of ah 
enibodiment bf the appsWius oithls invention. In FIG. 44A, the liou^ng of the 
apparatus is open. In FIG. 128, the housing of the apparatus is closed. 

FIG. 45, comprising FIGS. 45A through 45E, depids a paitiaj cross-secliorial 
drawing of an embodiment of the apparatus of this invention. In FIG; 46A, the 
housing of the apparatus Is open. In FIG. 458* the housing of the^ apparatus is 
partially open. In FIG. 45C through 45E, the housing of the apparatus Is closed 

FIG. 46, comprising FIGS. 46A through 46C, depfcts a partial crpssrsectfonal 
drawing of an embodiment of the apparatus of this invention. In FIG. 46A tlirough 
46C, the housing of the apparatus is closed. 

FIG. 47 is a chart indicating blood collection results for an embodiment ot the 

apparatus of this invention. 

FIG. 48 is a chart indicating blood colledjon results for an embodiment of the 

apparatus of tNs invention. 

FIG. 49 is a chart Indieating blood colle(^n resuRs for an ernbodiment of the 

ay^^aratus of this inverttion. 



DETAILED DESCRIPTION 

The embodiments of this invention require the following steps to carry out 
the function of obtaining a sample of blood for carrying but a diagnostic test, e, g., 
glucose monitoring: 
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(a) a housing having a sealable chamber located therein and a <:fini«hro 
opening in fluid communication with 5aid sealable chamber 

(b) a power source, ' :. 

(c) a vacuurn pump bperably connected to s^d power source said 
vacuum pump in communication with said sealable chamber 

i^noin ^k!™^"^ ^""^'^ '^^"'^"^^ said sealaWB chamber said 
^cmg assemb^ «,,ab,e of moving a ^ncet towards said sealable o^r^nrid 

coilec r in fMH "^' ^'^^^ said 

collector in fluid communication with said seal^le opening. 

^«to be ext^cted Is fb,n«d by a^-erdna *,ice o, some «he„ype ^ale 
cepebb 01 tomnng an unot«tn«»ed opening in the skin. Piercing de^^ZT 

Othe, types of devces cepawe o. fonrti«an unobstmcted opening In t Js«r 
.nc*de bu. en, not feHed ,o. tee,s and lluid iHs. Other t^es of de^s ^ ' 
Of fomng an enobstrueted opertng In the skin can be es^and Iht^^ 
ahouk, not be consbued so as to be limited to the devices llaed; M^S^ 
^as»„«es are v^H^wn inthe art These as^n*„es .: 

T^TIT^- ^"^ ^'^- ^ "P *^ The lancets can 

to n,«fe from metal or plasik. mm tip devices provkJe redundancy which can 

reduce the number of faftrres and Increase the volume of blood extra^ed 

4.77531, 5.1*5.418. 5.374,556, Inierrrational PubScalton Number WO 94A)97i3 
-d^Une e, al. 0994) IBM Reseach Report - -Uftra*^^^ 

tenl?^ ''^'™^'^ '*^^^^ Lasers « are suita^te toT^ ' 

tem^ » unobstnrcted opening In the skin Indurb Er:YA<3. N*YAG. and 
semiconductor lasers. v^. oiiu 



high pr^r^r^: '" T^ an unobstn^ed opening in the skin empk„ a 

ope,*r^* l"*'*'^"' ''^'*''"'"^*'' *'™ '"' unobsto^ed 
^ herl^hf^!' ope.«^ fom,ed by the device must be unobst^cted. As 

"unobstructed- means free from dogging, hamp^nng, 
bWong. or dosmg up by an obstacle. More specifically, the expressions 

.^^^ T"'"' '^^ °' "-•'^ » to be 

oxtraaed . unobstn«ed opening in ,be skin", and the .ke are ,o mean 
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that the portion of the opening below the surface of the skin is free from any foreign 
object that would clog, hamper, block» pr dose up the opening, such as, for 
example, a needle of any type.. For example, if a lancet is used to form the opening, 
it must be retracted from the dperurig prior to the cpmmencernent of the extraction 
of blood. Because lasers and fluid jets do riot require contact with the skin to form 
openings in the skin, these types of devices typically provide unobstructed 
Openings. However, these expressions are not intended to include foreign objects 
at the surface of the skin or above the surface of the skin; such as, for example, a 
glucose monitor. This feature, i. e., the unobstructed opening^ can be contrasted 
with the opening used in the method and apparatus described in U. S. Patent No. 
5,320,607, in which the piercing and cutting means remains in the skin during the 
duration of the period of btood extractfon. By leaving the operiing unobstnjcled, 
blood can be extracted much more rapidly from the opening than it would be 
extracted if the f^'erdng and cutting means were allowed to remain in the opening, 
in addition, the requirement of an unobstmcted opening exposes the t>ody to a 
foreign object either not ^ all or for only a Very short period of time, which is 
welcomed by the patient 

The step of extracting the sample of blood from the opening in the skin is 
carried out by a combination of extraction enhandng eleraents. Extraction 

enhandng elements suitabte for use in this invention include, but are not limited to, 

'. ' • ' ' »" .... . ■ . 

vacuum, skin stretching elements, and heating elements. It has been discovered 
that when these elements are used in combination, the volume of blood extracted 
is greatly increased, particularly when a vacuuni is applied in combination with skin 
stretching. In this combination, the vacuum not only causes the blood to be rapidly 
removed from the unobstructed opening by suction, it also causes a portion of the 
sidnin the vidnityofthe openirig to^te^ Stretching of the skin can be 

effected by other means, such as mechanical means or adhesives. Mecharik:al 
means indude devices for pinching or pulling the skin; adhesives bring about 
stretching of the skin by means of pulling. It is preferred to use a vacuum to effect 
stretching of the skin. Like a vacuum, a heating element operates more effectively 
in combination wHh other techniques, e. g., stretching of the skin. This feature, Ke., 
the extraction enhandng element, can be contrasted with the system described in 
U.S. Patent Np; 5,279,294 in which no such extraction enhancing elements are . 
utilized and the system described in European Patent Applications 0351892 and 
0127958, wherein the sensor is either needle-like in nature or fits wthin a hollow 
needle. 
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^ '"'^ P'«'ef'«d enib<>dlment of this inwnlkin. step M 

blood a. the area o( the m from which the sample b to be extract«l 
a..Wityo.t*oda,agivena«aof,hes«„<«.beiJ^t^^^ . 
methods. lnoneroethofta racwimcanbeusedtocam»^« ?.^ 

N^d vesse^ to poo, l„ the area o, the 3«„ wh^l'^vtZ^ ^^^^ 
another method, heal can 1» used to cause blood flo«inaZ^h^!!?' 
ttow more », „„, area o, the skin wtere hlTjSS.^.r'* " 
greater quality o. btood to be e«,aaed t^m thet^^SSl^ " 
«|ne^ AnhouBh the step of increasing the ^n^tZT^^^^^Z 
blood extraouon site is «.t required. «,e empk^ymem o, J^^S in a 
g e«er volume 01 blood extracted. Elements tor increastnB tiS^e^S 1, !. ^ 
at a blood extractbn site that are suitabie fo, use in m In^n^ h 1 

not Ih^ted to. vacuum, H^a.^ heating e,en»nt.s.Uns;^^ 
chem-cals. As «ated previously, applying a vacuum to the ^a^^^kt!^ 

^.racham.thr;.;i=^ 

srr.:i-:rrrrar^ 

Pl.ys«bg^ re^nse to increase pe.*»,on under and wiS^nn 

colleal^^ °l 'nvention, the extracted blood is also 

colectod. The step of collecting the sample o, blood can be canted o^!I = „^ 

aahonary v«thin the device Utroughou, the btood collection pro^e^^ k 

Wd colieTo, a3o?^ Jl''^"' T'^" "^ "^ «»" one 

disclosed in EP0?7?25^ ^ ? ' "^T"^ » 

bPO 0732580A2. Regardless 01 the manner in which the blood 
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sample is coneded, the sample can be analyzed at a time laler than the time of 
collection or at a location remote from the tocation of col^ 

A preferred embodiment of the Invention will npw be described in detail. 
Referring now to FIG 1, blood extraction device 10 comprises a housing 12. 
Disposed within the housing 12 are a vacuom pump 1 4,ra lahdng assembly 16, a 
battery 18, and electronics 20. A switch 22 is provided to activate el&clronlcs 20. 

The housing 1 2 is preferably made from a plastic material. It is preferably of 
suffident size to contain all of the components that are required for fonning an 
unobstructed opening in the iarea of the skin from which the sample of bldod is to 
be extracted, extracting the sample of blood from the uriobslruded opening In the. 
skin, preferably with the aid of a vacuum and a stretching of the sMn, arid colleGOhg 
the extracted sample in an amount suifident to carry put a diagnostic test. Methods 
of preparing the housing 12 are well-known to one of ordinary skill in the art. As 
stated previously, the housing 12 is not required, but is preferred for the 
convenience of the patient and the protedlon of the componei^^^ 

. The vadium pump 14 must be capable of . providing a vad^^ 
provide sufficient suc?tion to stretch the portion of the skin in the region frdrh which 
thesampte. of btood isto be. extraded. Typically, the portion of stretched sWn is 
raised a distance of 1 to 10 mm, preferably 3 to 5 mm, from the friane of the body 
part of which it is a portion^ As the suction proylded by the vacuum pump 14 Is 
stretching the appropriate portion of skin, the suction provided by the vacuum pump 
14 also causes the stretched portion to become engorged with btood- The level of 
suction provided must be sufficient to cause a relatively large volume of blood to 
become engorged at the point that the vacuum Is applied. The vacuum pump 1 4 
rhust also be capable of providing suffident suction to extract blood from the 
operung in the skin at a rale sufficient to extract at least 1 yiL of btood within a 
period of five minutes. A vacuum pump 14 that is suitable for the device of thisi 
invention can be a diaphragm pump, a (idston pump, a rotary vane pump, 6r any 
other pump that will perform the required functions se\ forth previously. Typically, 
the vacuum pump 1 4 emptoys a seM-contained permanent magnet DC motor. 
Vacuum pumps that are suitable for this, invention are well-known to those of 
ordinary skill in the art and are commercially available. A vacuum pump suitable 
for use in the jpresent invention is available from T-Squared Manufacturing 
Company, Nutley. WJ, and has the part number. T2-03.08.004. 

The vacuurn pump 14 is prelerably capable of providing a pressure of down 
to about -14.7 psig, and is more prelerably operated at from about -3.0 psig 1o 
about -10.0 psig. The area ol the skin subjected to vacuum preferably ranges up to 
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about 50 cin2 more pmlerabl/ from aboul 0.1 to about 5.0 cra^. Tl» neriod»f 
vaoiumapplcatMpriortotorninslheoperthBinthesId^^ iTf 
avallabiBy .stood .o tbo ap^ca,k« ^ vre^,^:^'^^"? 

«.,om about „o about ,5 soooni. Th« Cu^p^'^' 

subseqwrt to forming the opening in ilie sidn i a 1,^ «^ 

wood tron- the «nobIciedUhr.^rX'^^*« ~ »• 

pump 14 can be continuous or pulsed. A contlhuous vacuum Is iJZ!^„T 

reason that » requires lewe, consonants than does a puZ^ZT^^ 

P«<e™>- m« the vacuum appJed no, c««e irreversibb^^^^ 

pretened that the ««^m appSed no, produce bruises and ZZZTc^ 

l^^^.T*"'^'^ >"'afe0P'«fe"«.tha„heC^1r„m^ 
appned and duration of applicallon of Vacuum not be so excessfvaViTr 

IhBdemtfs to separate from t»ie epidermis ^ZZZ^^ 

filled with IMd. r r"™'""'*'^«s""l>8lo'niaBor. of a blister 

^ The vacuum pump feature offers significant advantages over the meth«ri 

th^^ a higher level of vacuum, thereby providing greater suction 

canbe^stiSr^^^^^ Standard iancets 

can be used m the lanang assembly of this invention. Narrow qauoe t2B to ^ 

m^^te^S^^^^ can have .ngle p.nts ^ 

0 4 to aZ^/ ^ Penetration of the lancet preferably ranges from about 
0.4 to about as mm, more pieferably from about 0 4 to aboiit i a mm tk V Zu^. 

»^*=^ly.e- 9.. by means of a vacuum-actuated piston „ diaphragm The 

bnang assembly ,6 can be trtggered manua»v or altLcare g 
oy means ol a vaojunKacluated piston or diaphragm. 

Landng assemblies are weWatown in the an Ronroco^....- 
Re. ^^-^^ "■203.446. 4,990.154, and 5.487.7«. all Of Which are incorporated 
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herein by reference. A particularly suitable lancing assembly for this inventioij is ^ 
described in U. S. Patent No. Re. 32.922. However, any lancing assembly selected 
shbuld operate in conjunction wth the other fem^^^^ 

invention. For example, if a vacuiim Is employed, the landng assembly must be 
designed so that a vacuum can be formed and drawn through the assembli^. The 
lancing assembly can be designed to allow automatic cocking and aulom^c 

triggering of the lancet. ; 

While conventional lancing assemblies are suitable lor use in this 
invention, a lancing assembly that utilizes differential gas pressure to thrust a 
lancet into sWn tissue has been, developed for use with tWs invention. As used 
herein the expression "rfitferential gas pressure" means the difference ^ 
pressure between a gas source at a high pressure, e. g.. aniblent a^^^ 

. pressurized air, and a gas source at a low pressure, a. g., air within a vacuunfi. 
In any event, the pressure of a gas source at high pressure exceeds the 

pressure of a gas source at low pressure. ' 
FIGS 11 12 13 and 14 illustrate an embodiment of a lancing ^sembly 

suitable for use in this invention, m this embodiment, the gas Is air. Howeye^ ft 
should be noted that other gases, e. g.. nitrogen, carbon dioxide, can be used in . 
place of air for the gas source at low pressure, the gas soujce at high pressure, 
orboth. The lancing assembly 60 of this embodimert comprises a housing ©2^ 
a piston 64 having a lancet bolder 66. a lancet assembly 87 comprising a lancet 
67a inserted into a body 67b. a piston biasing means 68, which, m this 
embodiment, is a return spring, and a cap 70. The housing 62 has a manifpld 
72 into which a three-way valve 74 can be fitted. See FIGS. 13 and 14 for 

manner of positioning the three-way vahre 74 in the rnanHoW 72. The three-way 
valve 74 selectively allows air from a source exlemaf to the housing 62 to pass 
through,an inlet port 76 to a bore port 78. thereby causing the level of pressure 
m the bore 80 to increase. The increased pressure in the bore 80 causes the 
piston 64 to be thrust toward the target sWn tissue while simullaneou^^^ _ 

compressing the retum spring 68. The piston 64 is halted by the cap 70 or by 
another stmcture designed to Bmit the penetration depth of the lancet 67a ,n the 
- skin Such other structure can be a glucose detector in the form of a test stnp. 

which Witt be described later, or a lancet stop, such as that designated by 
reference numeral 39 in FIG. 2. The three-way valve 74 then directs the air in 
the bore 80 to flow out through an exit port 82 to a source of tow-pressure air. e. 
g an evacuated air cavity in the apparatus, thereby causing the level of 
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pressure inthe Bore 80 to decrease, aod consequenUx allowing m returH 
sprmg 68 to torce the pision 64 back to Its pre-thrust posWen in the l>o*80 

Proper sizing of the coinponehls is rweded to satisfy both the ' ' 
dme.»lonalUn,i,ationsoftheapp^ 

the lancirg process, as explained further below. The landng assembly of this 
occupies n. tnore space than a <,„,en«onal spHng-powe,^ dev^ 
and typically requires less dtelance ftir the lancet to travel 

rtflerenfal a,r pressure is generated to thnJsl the fasten 64 toward the target 

skrn ^ue. T,« bore M al» fuoclio,>S to guide the piston 64 toward the S^et 
skrn t,^, ^le proAHn, a low-,H«ion p„eama«c seal against o^^Z 

84 B desirable for pre^rtirtg high-pressure air fnHn. |eakl„g ow ol the 
bore BO dunng thelancins procedure, because the leakage of high-pressure air 
«11 decrease the level of air p^re Inthe bore: 80. with the «s^i.,K^ ' 
ttu^ng Of the piston 64 ^ be reduced. The marWold 72 Is shaped 
to t» the thre^way valvo 74, which selectiveV corrects bore port 78 toeHh« 
rntet port 76 or exit por, 82 to direct the flow of * to or fmm me fio The 
^r^.^TTf^'"^ source Of lo«.p,essure air. The inbt pon 
76« typrcally plumbed ,0 a source of air pressure Wgher than 
P^e arr source. The ports 76, 78. and 82 »e positioned to conHnuWcJe 

^^^r^ ^ P^'eraW, Sized to 

cause less flow resistance than the porte on the three-way valve 74 

The piston 64 Is the moving Component of the lancing assembly 60 It is 

^"t^T^ r*^' """^ "'^ aC"^— 

2'"'»<teP<>«ble lancet a^ 

sarne TOimer as is^usedwilb a cotivena^ 

a^rn^r 67 comprises a lancrt 67a. wwch fe inserts 

bo<fy67b. Theta„cti6„oftl>eo-rtng84istaactasasealtoraainlal»al 

^^rnl"'^ '"'"'"*"^ '^ The >dng Should cause negligible 
sWng fncton force ata^ the bore 80 (neglgible compared to pres^re forces 
acno on the piston 64); The length of the shaft 64a of the piston ^ JZ^ 
^ provKfe a desired strete dstance, typically 5 mm to 25 mm. The nlT 
*me.B„„ Of the top surface 64b of the piston 64. typically 5 u. 10 L in 
^am«er cy«™fHca.y-shaped ^ is chosen to pLde adeq^T ' 
surtace area for pressure forces to ihrest the piston 64 and the lancet assembly 
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The return spring 68, typically a metal helical spring, is compressed 
between the pl^ori 64 and the cap 70, The spring 68 forces the piston 64 to its 
maximum depth Iri the bore 80 when substantially no differential 
exists in the bore 80. This action properly positions the piston 64 to begin the ; 
lancing process. This position of the piston 64 is the position in which the piston ; 
64 is furthest away from the target skin tissue when the apparatus is pla(»d 
agalhsl the target skin tissue. The spring 68 also retracts the lancet assembty 
67 in the lancet holder 66 iaway from the target skin tissue at the end of the 
iandhg process. The spring force riiust be sufficient to overcome the weight of 
the plslon/lancet system plus the slkllng friction of the 0-ring 84. 

The cap 70 is securely positioned in the housing 62. The cap 70 
properly posrttohs the return spring.68 while providing sufficient radial 

clearance for the spring 68 to compress freely: The cap 70 has a passage 88 
through which the lancet holder 65 can move; The cap 70 can also functiort to 
help guide the piston 64 toward the target sWntiissUB. ^ 

FieS: ISA, 15B, and l BC Illustrate an Installation of the lancing asisembly 
of FIGS, 11 and 12 inside a hypothetical apparatus 91. The lancing assembly 
60 Is fixed Inside a cavity 92 of the apparatus 91 and fitted with ai three-way 
solenoid valve 74 arid a standard disposable Idncol assembly 93 as shown. 
The lancet assembly 93 comprises a lancet 93a, which is inserted into a molded 
plastic body 93b. The apparatus 91 has a lower passage 94 through which the 
' lancet assembly 93 can move to form an unobstmcted opening in the area of 
the skin "S" that is circumscribed by a circular opening 94a (shown by dashed 
line) in the lower passage. A side port 95 on a wall 96 of the apparatus 91 
connects Inlet port 76 on the lancing assembly 60 to ambient air surrounding 
the apparatus 91 . The apparatus 91 also has a vacuum source 97 to maintain 
the air pressure in the cavity 92 at the level at which the apparatus operates, 
and a voltage source .98 to selectively activate the three-way solenokl valve 74. 
Wth voltage off, the three-way solenoid valve 74 connects the bOre 80 of the 
landng assembly 60 with the cavity 92 via exit port 82, causing the piston 64 to 
experience no differential air pressure. 

In the "Ready" mode (FIG. 1 5A), the tower passage 94 of the apparatus 
91 is placed across the target sWn. The vacuum pressure of the apparatus 
reaches operational level Py , which 1s substantially less than ambient pressure 
Pa (e. g.. Pv = -7.5 psig. Pa = 0 psig). The target skin is partially drawn into the 
lower passage 94 by vacuum pressure Py- The voltage of the three-way 
solenoid valve 74 is initially off, thereby preventing amtnent air from ertering the 
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landng assembly 60. allovwng the return spring 68 to mairt^^^ 

its maximum distance {e. g.. lo mm) from tl^e ^„ ^ * 

activated by the vottage source 98, which altows ambient air to fio J 

continuously through the sWb port 95 of the apbaral^ 9^^^^^^ 

76 and then through the bore port 78 imoihe ' '"'^ P"'^ 

60. Theflowofamblem^rlncVeasesthe^^^^ 

differential air pre^re to act on the piln M^e "^^^^^ ""^''^ ^ 

acting on the ^.ston 64 rapidly IncreJ^es^LI^^^ 
the return spring 68 and the friction .f the^lg 8?^rsl!o ^^^^^^^ - °' 
of the piston 64 and lancet assembly 93 (e a fc^^T w I -'^ ""^ 
.targets.n. The lar^t 93a contacts tfel^;^^^^ 
msec) and reaches suffiderit speed (eo 3 5 J^JT^^ ^^-^^ ^ 
swn and topenetrate to a spedL dl^h (e g TlrTn"" ^" " 

sWn Is complete When the thoisting m^L^,^^^^ 

by some halting means. Suitable mean^rhS^ ""'' '"^ 

indude. but are not limited to. the cap^O „ 
in effed. Bmtts the stroke dlsi;nce 

described in FIG 20 ^ ® ^' « 'ancet stop, as will be ■■ . 



In the "Return- mode (RG. 15C) the tencrt ooo K • 
sidn when the vofaae of the <^ionn h - T ^ ^^^S'^s retrading from the 

Don 7ft oo. .o- . . *® "^"^"S assembly 60 via the bor» 

port 78, causing air from the bore 80 to veni mnHrh, /« 

The tandnB cycte, which req^ras a totaM^ „^in .1 k 
Waratus. Is then complele "^"" 25 msec », this hypothetical 

vo»re:r:ntit:t„t::,^;;r^ o,u. ap,«,a,,. ^ 
=^rt:=::£~ 

away from the iam^i .u:^ *• ^"'"Sei swn tissue, then to be retraded 

y rom the target skin l«sue. By pulsing the solehoid repeatedly with 
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YOftage, the lancing process is repeated. This feature has been . 

"repetitive iancing." 

The resulting operiing formed m the skir) is similar to that achieved with 
conventiona] lar>cing devices; such an opening is capable of allowing a. volume 
of biological fluid (e.g., 3 |iL capillary blood) to be sanripled for analysis. 

The lanang process illustrated in FIGS. 15A, 15B, 15C can be repeated as 

■ ^ • * ■ - • ' 

many times as desired using the same lancet and without disturbing the device or 
target sKin. With the stdn $titl held in place by vacuum suction, the solerioid voltage 
can be pulsed as needed to lance the target area more than one time. Repetitive; 
laricing hias two potential benefits. First, it can be coordinated with an indexing 
system in the apparatus to lanro a matrix of sitjss on the target skin for additional 
access to biological fluid. Second, it can increase the lancing success rate at or 
near a single site, ty sequentially, lancinig into the skin until the desired amount of 
blood is obtained. 

FIGS. 16 and 17.iliustrate another ernbodimqnt of the lancing assembly. 
In these figures, prime reference numerals (i. e., reference numerals 60*, 62', 
64\ 64a\ 64b', 66', 70', 72 . 76\ 78\ 80', B2\ Qe) Indicate components that are 
identical or at Ipast substantially similar to components designated by the same 
reference numerals, but with no prime marking fi. e., reference numerals 60, 62, 
64, 66, 70. 72, 76, 78, 80, 82. 88) in FIGS. 11 ^nd 12. In FIGS. 16 and 17, 
bellows 89. typically a cylindrical moldiBd;elastpmer, functions as both the 
pneumatic seal for bore 80! and the means for biasing piston 64'. The bellows • 
89 effectively replaces the o-ring seal 84 s^nd the return spring 68 shown In 
FIGS. 1 1 and 12. To accommodate the bellows 89, the shaft 64a' of the piston 
64' must have a radial cross-section dimension sufficiently smaller than that of 
the bom 80' to prpyidie sufficient clearance for the bellows 89. A plate 90 
fastens and seals the bellows 89 to the shaft 64a' of the pston 64'. and provides 
a means of guiding the piston .64' through the t>ore 80'. A cap 70' and a 
housing 6Z are shaped to fasten and seal the base of the bellows 89 as shown. 
This embodiment can l)e used in a manner Identical to the emtx)diment shown 
in FIGS. 11. 12. 13, 14, ISA, IJSB. and 15C. It is clearlhatthe embodnnent 
employing the bellows 89 offers the potential advantage of reduced sliding 
friction when compared to the embodiment employing the o*ring 84. The 
bellows does not rub against the surface of the bore in the manner that the o- 

• ' ' ^ - 

ring does; therefore, the bellows may result in reduced friction force. The friction 
force has the undesired effect of reducing the speed of the piston. It is also 
clear that the bellows requires less dimensional tolerance to be accommodated 
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in the bore 80' than is required to accommodate the o-ring 84 in the bore 80 
The bellows does not need to be precisely fitted into the bore, as does the o^ 
ring. II the bore iris too tighUy around the o-ring. then excessive sliding frfctidn 
may result. If the bore fits too loosely around the o-ring, then excessive air 
leakage may result. By using the beMows in place of the o-ring; the : 

manufacturing tolerances in the bore can be relaxed, with the result that 
manufacturing costs will be reduced and fewer parts will be rejected The 

beltaws 89 is preferably made of a material having sufficient stiffness and 
sufficient flexibility so that the bellows can perfonn the following functions- (i) . 
act as a seal; (2) resist radial collapse under pressure; (3) allow the lahdng 
assembly to r^ract to its initial pre-thmst position after the thmsting step; and (4) 
have Hs force overcome by differential gas pressure during operatlph. 

FIGS. 1 8 and 1 9 illustrate another embodimBnt of the laridng assembly 
In these figures, double prime reference numerals fi. e.. reference numerals " 
60". ea". 64". 64a". 64b", 66". 68". 70". 72". 76". 78". .80", 82^ 88") Indicate ' 
componerts that are Identical or at least substantially similar to com 

designated by the same reference numerals, but with no prime maridng (L e 
reference numerals.60. 62. 64. 66. 70. 72, 76. 78. 80. 82. 88) in RGS. 11 and 

12. In FIGS. 1 a and 19, a diaphragm 84a. typically a molded elastonier 
functions as the pneumatic seal for bore BO '. The diaphragm 84a, in effect 
replaces the o-ring seal 84 shown In FIGS. 11 and 12. The diaphragm B4a is 
fixed to the housing 62" and to the shaft 64a» of the piston 64" and can flex 
vwthin the bore 80" when the shaft 64a" of the piston 64rmoves axlally in the 
bore 80". To accommodate the diaphragm 84a, the shaft 64a" of the piston 64" 
must have a radial crpss-section dimension sufficiently smaller than that of the 

bore 80" to provide suflident clearance for the diaphragm 84a In addrtion, the 
housing 62" and the top 62a" of the housing must have assembly features fo 
which the diaphragm 84a can be installed. The assembly features must also 
effectively seal the diaphragm 84a between the housing 62" and the top 62a" 
of the housing. The diaphragm 84a is preferably fastened to the shaft 64a" of 
the piston 64" by means of a fastener 83a This embodiment can be operated 
in a manner identical to that of the embodiment shown in FIGS. 1 1 -l 7. The 

diaphragm 84a is preferably made of a material having sufficient strength and 
flexibility to perform the following functions: (1) act as a seal; (2) resist mpture 
under pressure during operation of the landng assembly; (3) allow the lancing 
assembly to thrust a lancet into the skin of a patient; and (3) allow the lancing 
assembly to retract to Hs initial pre-thrust position after the thrusting step 
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The components of the lancing assembfies in FIGS>^ 11-19 must be of a 
shape and size to CQnform vwth the dimensional envelope a 
lancing assembly. Proper design of the components Is also an important factor 
in achieying acceptable laricing results in the skin. Other important factors are 
the performance of the thre&^way valve fi- e., vah^e flow resists 
switching time) and the air pressure environment in which the lancing assembly 
operates, as discussed below^ The components for constructing the lancing 
assembly are commercially available, and one of ordinary skiil in the art would 
be expected to have sufficient ability to select the proper components from 

commercially available sources, 

Lancing results are believed to be influenced by three main 

(1) lancet speed during impact with the si(in, (2) inertial mass of the 
lancet/|:Mston combination of the lancing assembly, and (3) shape and size of 
the lancet needle. The third parameter is hot addressed by the lancing 
assembly of this invention because the assembly is expected to function with 
most commercially available ^cet assemblies, such as the "BD ULTRA^FINE'' 
(Becton-Dickinson) and the "ULTRATLe** (MediSehse) brands. The first and 
second parameters are greatly affected by the gebmjetrical shapes and; weights 
of the components in Ihe lancing asserhbly, although the preciseJnfluehce of 
lancet speed and inertial mass on lancing performance are not well understood. 
However, good lancing perfonrnance has been observed with conventional 
devices, which haye an inertial mass typically from 1.0 gram to 2.0 grams arid 
deliver a peak lancet speed ranging from 3 m/sec to 5 m/sec. 

A general rnathematical expression that relates the lancet speed to the 
design of the landng assembly and the pressure environment can be 

formulated from physical laws as foltows: 

- 

M * a(t) = A M Pc(t)- Pv(t) 1 - Ks • [ x{l) + )Q» ] - Ff (l) 

* . - » ■ 

where 

. • - • ■ 

■ • . * * 

t s= elapsed time 

M = total inertial mass (piston + lancet 

■•• . - • 

assembly) 

a(t) = Iranslational acceleration of the 

lancet at time = t 
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Pc{t) = a»r pressure acting on the top 

surf£ice of the piston at time = t 

Pv(t) = air pressure opposing the action of 

the piston at times! 

A a pro|ecl«* surface area of the piston 

acted upon by Pc(t) and Pv(t) 

Ks = spring rate constant of the return 

spring 

= trarislalibnal dispJacerhent of the 
iancet at time » t . 

Xs a initial cBspiacement of the returri 

spring 

F^t) = Wctlon force of the piston seal at 
■ 'tinoest ■■ ■ 

Pc(t)-Pv{t) = differential pressure levdl which 

. accelerates the piston at tirne s t 

m ^'^^'^ expression for lancet displacement (x) vs. time 

(t). from which lancet speed as a function of time can be detemrined. requires 
many auxiliary equations in the field of themiodynamics and compressible flow 

which Incorporate design details of the invention and the three^way valve In ' 

general, the lancet speed (Up) at the time of impact on the sWn carl be 
expressed in temis of the following variables: 

^» = FiA.M,S.Xp,Ks.Xs,Cy,Dtv,Vc,yv.Pa.Pv,Ta,Ffl 

w • ■ 

' ' ' ' • ■ . * ' ' 

where 

. • - « 

■ • « * 

A = effective surface area of the piston bii 

whidi air pressure acts 

M = totaMnertlal mass (piston + lancet assembly) 
S = stroke cfistanco: of the piston 
Xp = lancet displacement when irnpacl with 

skin occurs (Xp < iS) 

Ks = spring rate constant of the return 

spring 

Xs = in'tiaJ displacement of the return spring 
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Cv - f tow coefficient of the three-way valve 

when activated 
Dty = svwtchmg time of the three-way val^^ 

(time to fully activate) 
Vc » - initial air volume between the piston and 

three-way valve . 

Vv ^. initial cavity volume of the apparatus 

• • . ' ' • • • . . . ■ ' ^ 

(L e , measured volume of the cavity prior 

to aclualion of the lancety 
Pa s pressure level of the high-pressure air 

source 

. Py . = initiai pressure level of the cavity of the 

apparatus (i- e., measured pressure of low 
pressure air source prior to actuation of the lancet) 
Ta = air temperature level = 
Ff 8 friction force profile ot the piston seal 

(typically varies as a function of the 
dispiacenient of the piston) 

Maximizing the lancet speed within a spedfied stroke distance of the piston (S) 
is accomplished by selecUng a threorway valve with high Jtow (^ 
and rapid switching time (Dty), by optimizing the surface area of the piston (A) 
and initial air voiume betvireen the piston and three-way vahfe (Vc), by 
minimizing the total ihertial mass (M), the spring force (Ks. X^). and the friction 
force profile of the piston seal (Ff). by ensuring adequate initial cavity volume 
(Vy), and by ai;>plying as much pressure differential (Pa - Pv) as pemiitted by the 
apparatus. 

The lancing assembly utilizes differential gas pressure offers several 
advantages over conventional lancing assemblies. The advantages are 
brought about by using differential gas pressure rather than a compressed 
spring to thrust the lancet into the skin. One advantage is that the lancet does 
not need to be manually cocked by the user before use. This simpHfies usage 
and permits sequential lancing of the target skin to provide greater access to 
btood. Cocking is not required because the gas providing differential gas 
pressure is vented from the lancing assembly after use, thereby allowing the 
piston biasing means to force the lancet back to its original position. Another 
advantage is that the lancing assembly does not need to be mechanically 
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triggered TWs simplifies the design of the device and protects aa^n^ 
accdenta^ tnggerlng by the user 1/ the device Is n^lsharS^' A Si 
tnggering mechanism Is not required becaijsfi tho Hj« z^' ^^^P^^^® 

not in progress. This minimizes Mposure ol the user in ih^^^ ^ 
handling ,he de,fce in preparation f^use o^^r T pu, 
■ancet is a«omp,ished by fte piston biasing nSrHfte^lt^?" 

<«.re«. pas pressure has been ^^ZZ::!'^^^^-"^' 

^ n by the vacuum pump ^;^^^:z::^^^jri^ 

evaouanon tube 24 is typicaiiy made from a polymenc „^^t^^ ?t 
Ptaoed between the vacuum pump 14 and t,^ UngXXt;^ ^'l^.^,^ 

evacualion tube 24 to prevem * amoved ,om..^I^^l^ 
vacuum pump t4 from fiowing bad. to the l^dno ^sJZ^^ J ^ ^ 
aHecting the vacuum assembly 16 and adversely 



housln^rT °* *" disposed Within the 



power on ^^^^"^ "^ The electronics 20 can also be use to swHch 

'-'"Hon is the ■tWr^^S^rl:'*^ /'^^^^ ««able fcrthls 
available from Onwlcn™^,^^^^^^ '^ 

Pocasset. Z^^^^^-.^"^ ^ O- Bex 3450. 
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Mosfet Drivers 
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Source 
lntern£^onai Rectifier 
0 S0gundo, GA 



I Op-Amp 



Status LED 



Pressure Sensor 



National Serruconductor 
Santa Clara. CA 
Hewlett-Packard 
Newark Electronics 
Schaumburg^ IL 

Sensyni^ Inc. 
Milpnas,CA 



Catalog N urnber 
IRLD024 



LM358 



HLMPD150 



SDX15D4 



FIG. 3 illustrates by way of a block diagram how the foregoing electronic 
cornponents can be arranged to carry out the method of the present invention. ... 

■ Operation of the btood extraction device 1 0 will now be described. Referring 
now to Fl6S. 1, 2 and 3, the hosepiece 30 of the lancing assembjy 16 is applied tp 
the surface of me skin, deagnaled herein bythe letter "S". The endof the 
nosepiece 30 that contacts the skin is equipped with a seal 32. the purpose of the 
seal 32 is to prevent air from leaking into btood e^ctractlpn chamber 34, so that the 
vacuum puiiip 14 can provide sufficient suctton acBon for Increasing the avallabllinr 
of btood to ttie area of the sWn from which the sample Is to be extracted, stretching 
the skin, and extracting the sample of btood from the unobstnicted opening in the 
skin. The seal 32 surrounds an opening 33 in the nosepiece 30. The opening 33 
in the nosepiece allows communication between the surface of the skin and a 
blood extradion chamber 34 In the nosepiece 30. The seal 32 is preferably made, 
of a rubber or an etestomeric material. FIG. 4 Illustrates an alternative position tor 
the seal 32. In FIG. 4, the seal is designated by the reference numeral 32*. The 
remalWng parts of FIG. 4 arathe same as those of FIG. 2. and . accordingiy, retain 
the same reference numerals ais were used In FIG. 2. 

It has been discovered that an Improved design and constmclion of the 
nosepiece 30 can provide enhanced colleclfon of btood from the unobstructed 
opening in the sWn. In FIG. 2, it is shown that the interior walls of the noseplew 
fomi a shape that is essentially cylindrical. While this design is capable of 
providing adequate perfonnance In the method of this Invention, it has been 
rfiscovered that by changing the conslmcfion of the interior cavity of the nosepiece, 
collection of btood can be acpBlerated. 
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A noseplece assembly 3000 Is Illustrated in FIG. 32. The nosepiece 
assembly 3000 comprises a nosepfeee 3001 and a seal 3002. the nosepiece 
3001 comprises a tower base 3004 having an opening 3005 therein. Above the 
lower base 3004 is an upper base 30Q6 having an opening 3007 therein. The 
features of the exterior of the nosepiece, other than the lower base 3004 and tho 
upper base 3006. are not critical to this invention, and one of ordinary sklH in the art 

can deslgntho exterior walls of the nosepiece in any manner that does not: 
adversely affect the operation of the nosepiece of this invention. The features of 

the Interior of the nosepiece, the lowor base 3004. the upper base 3006 and in 
some cases, the seal 3002 are critical and, consequently, they will be described in 
greater detail. An interior vrall 3008 encloses a cavity 3010 of the hosepieco 3001 
It is critical that the Interior wall 3008 of the nosepiece 3001 be structured in such a 
manner that the opening 3007 In the upper base 3006 be of an equal or smaller 
area than the opening 3005 in the tower base 3004. » Is desired that the area of 
the opening 3007 be reduced to as small of a size as possible, but hot so small as 
to interfere with the collection of btood by a glucose monitor (sea FIG. 2) or with the 
path of a lancet An optional rim 3012 can surround the opening 3007 in the uboer 
base 3006. . • 

• • ■ 

There are several ways of causing the area of the opening 3007 to be less 
than the area of the opening 3005. As shown in BG. 32. the interior wall 3008 c^h 
be tapered so as to bring about a reduction in the area of the opening 3007. The 
tapering can begin at any point along the interior wail 3008 of the nosepiece 3001 
If the tapered portion runs all the way from the beginning of the tapered portion to 
the upper base 3006. the optional rim 3012 will have a depth of zero, and thus be 
eliminated from the nosepiece. Ahematlvely, the area of the opening 3007 can 
mereJy be made smalter than the area of tho opening 3005. such as through the 
use of step-wise cyBndrical sections. 

Ports 301 4 and 301 6 can be included in the nosepiece 3001 to give the 
cavity 3010 inoro exposure to a vacuum, if needed. 

In order to more accurately describe the construction of the nosepiece - 
assembly 3000, reference points, designated by alphabetical letters, have been 
placed on FIG. 32 so that typical distances between these reference points can be 
disclosed. The optional rim 3012 has a depth designated by the line "ab". This 
depth typically ranges from 0 to about 1 .5 mm, preferably from 0 to about 1 0 mm 
The opening 3007 in the upper base 3006 has a major dimension designated by 
the line -cd". The area of the opening 3007 typically ranges from about 1 to about 
500 mm2. preferably from about 1 to about 150 mm2 The opening 3005 in the 
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tower base 3004 has a major dimension designated by the line "ef". The area of 
the opening 3005 typically ranges from about 10 to about 500 lifim*, preferably from 
about 50 to about 150 mm2. The cfislance^ from the lowermost point of the rim 3012 
to to lo>yermost point of the seal 3002 (hereinafter "riin-to-se?il distance") Is 
designated by the Dne "bg" This dstance typically ranges from abput 1.5 to about 
8.0 mm, preferably from about 3 to about 6 mm. It Is priefenredthEd the distance be 
selected so that the skin, when stretched into the nosepiece 3001 , comes as close 
as possible to the rim 301 2 or the upper base 3006 of the nosepiece 3001 . If tha 
rim 3012 Is not present, the point "d" will be located at the level of the upper base 
3006. The tWcknessofthe seal 3002 is represented by the line "eh". Thjs viodth of 
the sealing surface and the width of the sealed surface of the lower base 3004 are 
designated by the line "hj". One of ordinary skill in the art would have sufficient 
expertise to optimize the dimensioris of the nosepiece without undue 
experimentation. AddiUpnal details regarding the nosepieciB 3001 and the seal 
3002 are dealt with in the examples. 

This improved nosepiece has several advantages. The improved design , 
and construction of the nosepiece can provide enhanced colleicBon of tJtood frOrti 
the unobstructed Opening In the skin. In adcRtion, The nosepiece brings about a 
better seal to the body than do the nosepieces previously used. A better seal 
reduces the amount of vacuum leakage, with the result that a less expensive 
vacuum pump can be used. In addition, the improved nosepiece allows a seal to 
be maintained on those individuals hayirig excessively hsury sWh. 

A particularly preferred type of nosepiece may have a seal of the type shown 
In FIGS. 42A and 42B In cross section, referred to tierelnatter as a flex seal. The 
flex seal contacts a larger area of skin than does a planar seal. The flex seal can 
then cause more skin, to lae brought into the internal space of the nosepiece when 
vacuum Is applied than can a planar seal The flex seal can be made out of a 

. silicone, 40A duromeler. 

The flex seal 3020 can be attached to the nosepiece 3022 by a mechanical 
attachment 3024 or by an adhesive. The portion 3026 of the flex seal that is not 
attached to the nosepiece 3022 is capable of moving between a first position, as 
shown in FIG. 42A, and a second position, as shown in FIQ^ 42B. In the first 
position, the unattached portion 3026 of the flex seal 3020 depends from the lower 
base 3028 of the nosepiece 3022 as shown in FIGS. 42A. In the second position, 
the unattached portion 3026 of the flex seal 3020 contacts the lower base 3028 of 
the nosepiece 3022 such that one major surface of the unattached portion of the 
seal is in face-to-face contact with the lower base 3028 of the nosepiece as shown 
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in FIG. 42B. The flex seal is made of a material havino a c*j**fiirion» 4,-^ 
raduoe. tendehcy o. skin r„ contec. w»h » to ^^^^T 

posnion and suMctently sWf to hokJ the skin m an iihmorable cX, Th!^ • 
3030 in «« «,x s«, has » a«a grpate, »», erS^^^e C^" 3^ Z^. 

tower base 3026 Of the nosepiece 3022. when tha (to seai I, InS^l 
as shown in FIG. 42A. * ™ wsl position, 

lnoperalion/thallexseai,lspb(»da8ainslthe5kin-S' offheiBa=« tk 
a.eao.*i„ contacted .,„he .lex seal is 9««tor ,han«« area o,t^ .I"! 

^»r^ 0. .he nosepiece. Consequent^. the ™iu.e 0. s«n " 

"oseprece IS oreater than the volume ol sldn that would have been mid w„ .h 
nosepiece with apla«» seal. Thus/ihe Ilex seal wouu S^l?^ , !^ 
teving betow normal sWn texiMlity. ^ ^ ^ P^^™ 

^ The switch 22 is acliiated,typk!aiy by belris pressed. therebvafliv»«„„,K 
e^ics 20, whfch starU the vac«™ pump ,4.''nie vaouur^^:" 

l»vxte a suctbn adion. The siK«on action Of the muu^ 

^ /Wef an appropHaie perfod o* aoM. which is typically pfe-^ 
^ran«ner ol*e efecttonlos. the landnj assembly 16 is 4flered^e^ 

the lancet 36 to penetrate «» s«n that has nsSn up tathe o~^ and 

^tTam - "^^^ mm (not shown) to tdflfle 

1*» lancet 36. The lancet 36 is then retracted. preterabV automa^^^ ■ 

«n=«36. a^,aKled hy ttievac^ th4 vacuum pump 14. is 

btood has .^n .^teeted or a pre-sm" Je InteL ha. 
^^M«eleclro*s 20 causes the vacuum pump 14 to etop. ThedevlcelO 

snown because rt b h«lden under solenoid valve 38) is opened tovont the vacuum 

Th» K, ™^ "^"^ ewl have the pan number LHDA051 1 1 1 1 H 

u!^lt ^ r ' "^""^"^^ *»" " The blood can then be 

used as the sample lo, a dele,mi„atk,n o, plueose concentiation i„ 
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Altern^ively, the blood can be collected by other colleclion devices, such as , for 
example, a capillary tube or. absorberjt paper. 

The apparatus of the present Invention can include a glucose detector for 
analyzing the Wood sample extracted by the iapparatus. Glucose detectors are 
well-known in the art. With respect to glucose monitoring, there are two major 
categories of glucose detectors - reflectometers and biosensors. RepresentaUve : 
examples of reflectometers suitable for tfiis invenUon are described in U S. Patent 
No. 4,827,445, incorporated herein by reference. Representative examples of 
biosensors suitable for this inventiori are described in U. S. patent Np. 5^09,410, 
Incorporated herein by reference. 

The glucose detector is preferably disposed in the nqseplece 30 of the 
landng assembly 16. The glucose detector must be located at a position 
suffidently cibsie to the site of blood extraction so thai the quantity of extracted 
blood collected will be suffiderrt to carry out a standard glucose monitoring test 
Typically, this distance will preferably .be no more thar) 5 rrim from the site.of blood . 
extraction, more preferably no more than 3 mm from the site of blood extraction, 
most preferably no more than 1 mm from the site of blood extractipn. Alternatively, 
the glucose detector may be maintained at a distance greatejr than 5 mm from the 
site of blood extraction until shortly after the lancet has been triggered, preferably 
about 50 milliseconds but at least long enough to allow tha lancet to be retracted. If 
the glucose detector Is so positioned, it may then be triggered, for example by a 
solenoid valve that causes a vacuurh actuated piston to trigger the glucose 

detector. Other triggeriitg mechanisms may also be used. The triggering action 
propels the glucose detector towards the skin, preferably no more than 5 mm from 
the site of btood extractton, more preferably no more than 3 mm from the ate of 
blood extraction, most preferably no more than 1 mm from the site of btood 
extraction. Care most be taker) In the placenoent of the glucose detector so that the 
detector does not advers^y affect the vacutjm, when a vacuum is employed to aid 
in the extractfon of blood. In addition, the glucose detector 40 should be modified/ 
if necessary, so that the blood collected in the colleclidn zone of the glucose 
detector is capable of being used to activate the glucose detector. 

FIG. 2 also illustrates a manner ior disposing a glucose detector 40 In the 
nosepiece 30 of the lancing assembly 16. 

One embodiment of the glucose detector 40 of this Invention involves a 

multiple-layer element comprising: 
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(a) a teyer capable of receiving btood and transportm^ 
received by means of chemically afdM vi^cking: "9 »>lood 

(b) a layer capable of detecting the preseride of anaMe or measurinn i ho 
amount of analyte ln blood; and <*navie or nieasunng the 

{oy a 'ay^r lhat can be placed in contact vw^^^ 
comactable layer overlying the blood-transporting layer, said i;yer (a) labia nf 
transporting blood to said layer (b): • ^ ^ ^ ^^^^^ . 

^^ P'^f '^^d^'^bodimert of the glucose deted^^ 
involves a multiple-I^er element, which comprises: ^'^'^ventipn 

(a) a covering layer having an opening therein- 

th-ough the opening in the covering layer and transporting blood by meS 
chemically aided wicking; — « »"oq oy means of 

(c) a layer tia can be plosd in contact with a met^^ iham^t 
contactabte ^, overtyino tt« btood-transportng layer; and 

(d) a "aye' capal* ol detecting lite presence 01 anaMe or measurino .i» 
anuHtm c. aneMe in btood. wftich layer i, Csposed .«ween rc^oTZ 

.he J^^^^ T '"^^^ atorententioned preferred en,t»diment of 
the TOlt^le-laye, elen»nt o( this inwnlion. Durtngthe course ol discussino this 

Jwrwtll abobedrscussed. The niulllpie^layereleirsmiioocoinprtsesa 
oovering layer 1102 having an operjna t, 04 therein. Toone ZT^ i+oe 
o. covenng tayer ,102 is adhe«Kl a layer 1 , 08 capable o. trar^^tS 1 

1 1 14 having an opening 1116 .hersTn ™ter^actable layer 

™«'>>»™"91»04intheco»erir«layer1102andtheoDenlna1,lRi„.h. 

".eter^ontactable layer , 1 14 are aligned so .te, a W cI, SThl^^^^^^^^^^^ 
epentng 1104 and through the ope™„B 11 ' 6 to ple,.» the eWn^ 
"ansportng layer , 108 can be designed to allow the ^nce. to pa^I^ » or 1, 
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can be positioned so thai the lancet need not pass through it. The opening 1 1 04 In 
the covering layer 1102 alloWs the blood-transporting layer 1108 to take up blood 
emerging from the opening in the skin formed by the lancet so that Wood from that 
pperiing in the skin can be transported by means of a chemieally aided .wicking 
action to the detecting layer 11 10. 

The detecting layer 1 1 1 0 can be disposed on^amajor surf aqe^f the 
covering layer 1 1 62 or on a rnajor surface of the m^ter-<x)ntactabie layer 11 1 4» 
the detecting layer 1110 comprises a layer or layers of chemicals, e. g., an 
enzyme, capable of reacting with an ansdyte in a biological fluid to produce either a 
measurable etectriqal response or a measurable optical response. U. S. Patent 
Nos. 4,545,382; 4,711,245; and 5,682,884; all of which are incorporated herein' by 
reference; describe detecting layers capable of generating a measurable electrical 
signal in response to glucose in blood: U. S. Patent Nos. 4,935,346 and 
4,929,545, both of which are Incorporated herein by referencei descril)© detecting 
layers capable of producing a measurable change in reflectanGe in response to 
glucose In blood. An example of a detecting layer is described in S- Patent No. 
5,682,884. The detecting layer described in U. S. Patent No. 5,682,884 comprises 
a first conductor and a second conductor extending along a support; and further 
comprises a means for connection to readout drcurtry. An active electrode, 
positioned to contact the liquid blood sample and the first conductor, comprises a ; 
deposit of ah enzyme capable of catalyzing ai reaction invbhring the analyte 
compound, e. g., glucose, in the liquid t)lood sample. Electrons are transferred 
between the enzyme-catalyzed reaction and the first conductor to create the 
current. A reference electrode Is positioned to contact the liquid blood sample and 
the second conductor. 

The covering layer 1 1 02 is preferably f orrned from a hydrophobic material. 
The covering layer is jprefembly sufricfently flexible to conforrn to the remaining 
layers of the muRiple-layer element Representative examples of materials that are 
suitable for preparing the covering layer include, but are not limited to. polymeric 
materials, such as polyesters, polyimides, pblyethylenes, polypropyleries, 
polycarbonates, polyacrylics, and combinations thereof. 

The thickness of the coverinig layer 1 1 02 is not critical, but preferably rariges 
from about 0.005 mm to about 2,0 mm. The surface dimensions ot tt>is layer are not 
critical, but the rriajor surface cSmension preferably ranges from about 5 mm to 
about 60 mm and the minor surface dimension preferably ranges from about 2 mm 
to about 30 mm. The layer is shown as being elongated and rectangular, but other 
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Shapes are also suitaWe. e. g.. cfrcular. elliptical, triangular, square, arnl other 

SrldpGS* 

The size of the opering 1 104 In the covering layer 1102 niust be sufficiently 
large to allow a lancet to pass therethrough Into the skin of the patient Jt Is ' 
preferred that the opening 1 104 be sufficiently large for a commercially available 
bno^ tobeused. Because commercial^ available lanoet assembBes vary 

1104 m the covenng layer 1 102 is prefembty sufficient^ large to allow passage 7 
the lancet but not so large that ft compronHses the strength of the coveS^g layer 

Typcally. the opening 1 1 04 Is no larger than one4,alf ,o three^^^^ 
of the covering layer 1 102. : 

Is no.^rri' embodlrnehl In FIGS. 21 A and 21 B dispteys a covering layer it 
.s possible, but not preferred, to dispense wHh the covering layer entirely In ' 
embodiments dispensing with the covering layer, the meter-contactable iayer can 
have an opening therein through which the lancet can p^; atterhathrely a 
sufficenf amount of the meter-eontactable layer can be trimmed such th^' a lancet 
W.II avoid striking the end of the meter-contactable layer prior to forming^ 
openmg in the skin. In this latter embodiment, the blood-transporting layer may or 
may not have an opening therein thipugh which the lancet can pa^^ 

The blood-transporting layer 1108 is preferably, made from polym^^ 

R«lr ''''' """^^ "^"^ ^ «^"''vatent material. 

I^LTth Z"^""'"" '""'""'^ blood-transporting 
^r^th-s mvention include, but are not limitedto. polymel^ comprising amWe 
monomenc unrts. e. g.. nylon, ester monomeric units, alkylene mdnomeric uriHs. e 

tLTn^T r'^''^*'^^^ monomeric units, and combinations " 

^^' Jl^ btood-transporting layer can be a mesh. The fhesh is preferably 
cpnstnicled Of finely woven strands of polymeric material; however, any woven or 
non-woven material may be used. provWed that the btood-transportiiig layer 
transports the bipod ,o the detecting layer 1110 before the btood evaporates or 
clcrts^ A fine mesh that is suitable for the multiple-layer element of this inventton 

ZTT"^ ^ ^ ^^'^ ^° « mash count of from 

am «^ ^ ^ '"^^ '^^^^^^ of from about 201o about 40 

^ HC mtr °' IT T"" ^ P-^'-^ P-terred mesh 

tZZ^^ T " Sefar (formerty ZBF). CH-8803. Ruschlikon. 

Sofhl" '""^ multiple-layer element of this 

.nventlon has a percent open area of from about 50 to about 55%. a mesh count of 
from about 45 tO about 55 fibers per cm. a fiber diameter of from t^^ 
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65 ^m, and a thickness of from about 1 00 to about 1 000 ^im, A preferred mesh Is 
NY151 HC mesh, available from Sefar {forrneriy ZBF). CH-8803. Ruschlikon. 
Switzerland/ Mesh characteristics are fu^^^^ 
5,628,890, incorporated herein by reference. 

The blood-transporting layer 1 loa transports blodd by means of a 
chemically aided wicWhfl -action. As us^d herein, the expression "chemically aided 
wicking action" refers to either: 

(a) the flow of fluid along a material wherein the nature of the 
material itself is hydrophilic, such as, for.exampte, cellulose; . 

(b) the ftow of fluid along a material wherein at least one chemical 
substance is applied to the surface of the material, such as; for example, 

nylon coated with surfiadant; 

(c) the flow of fluid along a material that has been rendered 

hydrophilic by nieaiis of a chemical or physical process, such as, for 
example, treatrhent of polyester by means of corona discharge treatment, 
plasnrwa treatment, flame treatmerrt, or the 

The purpose of the at feast one chemical substance appfied to the surface, of the 
material of the blood-transporting layer Is to promote the flow of fluid along the 
surface of the material. Chemical substances suitable for the foregoing purpose 
belong to the class of compounds commonly referred to as surfactants. Surfactants 
reduce the surface tension of the surface upon which they are coated and allow the 
ciated surface to attract rather than repel fluids, A commercially available 
surfactant suitable for use in this invention is a fluorochemical surfactant having the 
trade designation "FC 1 VoG FLUORAP", available from Minnesota vMloIng and 
Manufacturing Company, St. Paul* Minnesota. This surfaclart is a solution of a 
f luoroaBphatic oxyethylene adducl, lower polyethylene glycols, 1,4-dipxane, and 
water. It has been found that approxinrately 1 to 1 d)ig surfaclarit per mg of bipod- 
transporting layer is preferred. The preferred surfadarit loading may vary 
depending upon the nature of the material of the blood-lransportirig layer and the 
surfactant used. The preferred amount can be determined empirically by observing 
flow of sample along the blood-transporting layer with different levels of surfactant 
loading. The surfactant may not be necessary If the mesh is made of hydrophific 
material. 

The blood-transporting layer i 108 Is capable of allowing a sufficient amount 
of blood to uniformly flow through It at a rale sufficiently great thai a sufficient 



to to -n.^ to p»vide a reading, of anJ^e te" l^a »Z1 r'"^" 

""venng fevBr 1 102 means of M meft adhesive on the 

«»«rin9 layer that fa«s , ha msfor-contaclable layer fm X^,^^^ 

byer ,,08 can ha™ a sma. ope,*,, formed in it. algneLthl^ L ^r*"™ 

lancet and aigned «im the openings in the c»vertngCrnS^^ 
contaolable layer 11,4. whereby the possitHRy of t4 fal 

■nesh *„i,^ U« fencing operation Is elmlna^^ ' "^'^ ' ""r 

TOe corenng layer 1,0?and the l>lood.,ransporting layer 1108 are 
(TOleratJy arranged In sud, a way thm t*»d enfflmhM (J,™ «1 . ^ 
1» no. impeded trom 'e^J,>,.c,uZ^^J^'l''^ »» 

rrar:TsS:r:hr^Tr#-" 



contactable layer llVT^ wll. ^""^ ' """^ 

the cov«»^S^ l«y«' " 08 is disposed between 

"•vonng jayer 1102 and the meter-contactable layer n i4 
In FIQS. 22. 23, 24, and 25. the blood-transDortina laver linn » u 

•^^Portng layer tea mesh having a^S ^gj a^^, ^ / """^ 
area In FIG 9a »ho ki« • w««tuvBiy large number of openings per unit 

number ^a^^ "^^^ ^ '^^^^ having a relatively small • 

number 0 openings per unit area In the embodiments shown in RGS ^ 23 L 
24. there « the possibility that the lancet will hit one of the stra^L o^tf^H 

the slon-opening step of the process. « a ^noet hits one oftTlncte T^^^ 
mass must havp oi Mrtf^^ ^ • «» ui ui ine siranas, the movmg 

mysi nave suffiaent momentum to pierce the strand and the skin hPi«», » 
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layer wll dBtermine Hs Strength. It is preferred that the tlilckniBss and material 
properties of the mesh be such that a commercially available lancet can pierce the 
mesh. 

in FIG. 25, the bbod-transporting layer 1 1 08 is disposed between the 
covering layer 1 1 02 and the meler-contaGtable layer 1 1 1 4 and is disposed directly 
under the opening 1 1 04 in the covering layer 1 1 02; however, the blood- 
transporting layer 11 08 also has an opening 1 1 18 formed therein. In the 
embodiment shown in FIG. 15, there is no possibility that the lancet will hH one of 
the strands of mesh during the skin-opening step olthe process. 

As shown in FIG. 26A, the meterHt»nta<^able layer 1114 has two openings 

11 16 and 1 1 22 formed therein. Jhe blood-lransporting layer 1 1 08 is offset Jrom 
opening 1 1 1 6 and directly over opening 1 1 22. In Ibis embodiment, the. lancet 
passes through opening 1116 to lorm the opening in the skin. Then, some type of 
mechanical device, e. g.. a spring, a soleriold, a pivot, or afour-bar Hnkage, causes 
the multiple-layer element to move a sufficlenl distance such that at least a portion 
of the blood-transporting layer 1 1 08 Is substarrtlally direct^ over ihe opening 
formed in the skin, thereby minimizing the distanceihe bipod needs to travel to 
reach the blood-transporting layer 1 1Q8 and at the same lime efiminatinglhe 
ppssibiDty of the lancet striking a strand of mesh during the landng operation. The 
opening 1122 in the meter-contactabla layer directly aligned with the blood- 
transporting layer 1108 can be used for applicaHon of vapuum to enhance the > 
collecfion of blood. However, it shoulcJ be noted that such^ an opening is optionali 
and can be dispensed with in other embodiments. See, for example, FIG. 26B, in 
which only one opiening is formed in the meter-contoaable layer. 

In Fia 27, the blqod-transportlng layer 1 108 abuts one end 1 121 of the 
multipla-layer element In the embodim^nt ot FIG. 27. a lancet that paisses through 
semi-drcular opening 1104 can strike a sUand of mesh during the lancing 
operatfon. The blood emerging from the opening formed in the skin has a minimal 
distance to travel to reach the btood-triansporting layer 1108. Altenr>atively, alter a 
lancet has formed an opening in tha skin, the multiple-layer element can be moved 
in the manner desCTibed previously to facilitate taking up of btood by the btood- 

■ transporting layer 1108. 

The detecting layer 1 1 10 preferably comprises an electrochemical detector, 
e. g., a biosensor; or an optical detector, e. g., a reflectance detector. The detecting 
layer 1 1 1 0 is supported on either the covering layer 1 1 02 or on the meter- 
contactable layer 1114. 
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DeltK*,8 layers ot the etectrodiemkal tyna 
. ''^'Bt^nj byeis of the optical tyre are Dmf^ ^^ 
*te«">9 layer l» H^oT^^^l'^^ Poious. It is preferretf that the 

bye«or.heeleo.,o*S^°^J^~^ '^11« Oete«,n, : 

member selected tntm the grouii consistino m . f "mprise a 

-iverchtorwe. and silver: oil ^L'^™""' 

comprise a ™„«>e, seieued trom ^ g'ptTs^^^^'^ 
Asstaledprevlinislvatvrtr=iHL^- , ™ *"'™'*"^'mes. 

and a second «Lj^,:„^al^3^~ 

tot coniBclion to readoa^rcdlrv An^l comprises a means 

•^Wbtoodsampte^Ttl^^iJS"^''^''^^ 
cai^bteotcatal^nga^"^"::*^;-;^ - 

eteotrode deposit to ettecl^:; ^;:r r« ' " "t*" 

and the enome is olu,»^ r^ "mpoimd being detected is 

ebclrode ST-Sf!^ Xehydrogenase. The 

stedrode is tomwd bv orinii™ actW^ 
inductive col^ntf r!?l'^- f^-^^* a" >"«< "^^^^^ 

maler-coniactable T "02 tbe 

Additiona. ^Is o. ihal^ "^"^ "om that 

^-o.,ioe„rpo,rdTrrzi:^r""'-^*-^'"- 

Themeter-contactabtelayer1ll4isnmtoroKK ^ . 
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meter-cbrrtaclable layer include polymers comprising acrylic monomeric units, 
melhacrylic iiKjnomeiric units, ac^^^^^ naonomeric units, methacryiate iiwnomeric 
units, vinyl chloride monomeric unrts, and combinations of the foregoing. Other 
polymers suitable for preparing the meteir-contactabiB layer irujlude polyesters. 
The functfbhs of the meter-contadable layer are to {1> proyidB a surface on which 
to print the detecting layer 1 1 10, (2) provide alignment of the; opening or openings, 
in the muHipIe-layer element vifith the lancet, (3) provide contact of the multiple- 
layer element with the meter for the purpose of reading the signal from the 
detecting portion of the multiple-layer elerrienl, (4) provide a rigid layer so that, the 
multiple-layer element can be easily picked up and placed in contact vwth the 
meter, and, ir» the case of a detector measuring an optical response, provide a 
surface to coritacl against a meter, which contains a light source and means for 
reading the glucose signal from the detecting layer. 

The size of the opening 1116 in the meter-cqntaqlable layer 1114 must be 
sufficiently large to eillow a lancet to pass therethrough ir»to the skin of the patient It 
is preferred that the opening 1116 be sufficiently large for a commercially available 
lancet tb be used. Piecause commerciaHy available lancet asserriblies vary in how 
precisely the lancet is fierttered within the body of the lancet assembly, the openlrnj 
1116 in the meter-contactable layer 11 14 is preferably sufficiently large for 
pse^ge of the lancet, but not so large that it cornprom 

meter-contacteble layer- Tyi^cally. the opening 1118 is no larger than one-half to 
three-quarters of the width of the meter-GCMitaGtablBlayerl 11 4. 

Although the meter-eontaclable layer 1114 shown in FIGS. 21 A and 21 B 
dispia^re an opening 1 1 1 6, it is possible, but not preferred, to dispense with the 
opening 1116, so tong as a sufficient amount of the meter-contaclable layer 1114 is 
trimmed such that,a iaricet will avoW striking the end of the meter-contaclable layer 
priorto passing thrdUgh the opening 11,04 in the covering layer 1102. In this 
embodiment, the blood-transporting layer 1108 rnay or may not have an opening 
therein: 

The following table lists suitable ranges for the dimensions of the layers of 
the mumple-layer element of this invention. It is not intended that the dimensions oi 
the layers of the muHiple-teiyer element of this Inventton be limited to the ranges 
listed in the foltowing t^le. 
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Layer 

Coverin i 
Blood- 
transpbrt ini 
Detectini 

Meter-cbntaclable 



M^r surface 

dfrnenston fmml 
5 to 60 

5 to 60 

5 to 60 
5 to 60 




Minor surface 
cfimensidn Ymm l 

2 to 30 
2 to 30 

2 to 30 
2 to 30 



Thickness (nrim) 

0.005 to 2.0 
0.005 to 0.5 



0.001 to 0.5 
0-05 to 2.0 



■ 

The inuMpte-layw BteDioM b preferably sufOciertly risW so Ih^ 

1 102 or the meter-cortecteble layer 1 1 14 or both of il»se layers ara 
|n«eH,l tbat IS sumole-^ly Hgid ,0 s^^pott tta 

".eter-oo^actable layer t,t4 are preferably .um^ ^J^t fe™?„e„ 
or^amtjerfo, U» blood. ThebK^.Wransporth.gtayerltos'fepJ"^-'^" 

wroTs or °' ^ '^"9 1^^' " it can be 

tI ZIT '^'^ -^facurer. 

no surface diii»nsions, e. g.. length, of the btood-transBortlna laver 1 im 
are preferably lese than those of the layer on which the det^^r mo | 

ZZ^^"" ' ''^"^'^ '«*«a ir^ertfoh Into the meter; 
are rreZ^?^ e. length, of the n»terK»ntactable layer 1 i t4 

S^t^Ix^ °' .neter:c»ntac.able 
ayer. are exposed for insertion Wlto the meter. The opacHy of the mete, 

contacteble layer crtted unless photometnc deLltl^ 

™ previously, an optional overcoat layer 1123. as shown In nr «. 

foZ^ '^"^ be prepared by means of a materfal that is initially in a liould 
form or in a form capable of penetrating the interstices of a mesh This 1=1^ 7 
P-ierably a hydroph^o electrical, insulating in^ ThJ ,1^^; 
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appfied by screen printing over a portion of the periphery of the blood-trahsportlng 
layer (which is preferably in the form of a mesh), thereby surrounding and defining 
a suitable path for the sample oil blood to travel from the point it corrtacts the btood- 
transponing layer to the d^ecBrtg layei- See U. S. Patent No. 5.628,890 for 
additional discu^ion cor»ceming how the overcoat layer holds down and fixes the 
mesh layer in place. The overcoat layer 1123 and the biood-transporting layer 
1 108 are substantially coplanar. As used herein, the term "coplanar? mieans that at 
least one surface of each of two materials resides in the same plane. Substantial 
coplanar positioning of these layers Is preferred because the bloodrtranspprting 
layer 1 1 08 spreads blood In all directions. In order to limit the spread of blood In 
undeslred areas of the multiple-layer ielement, the overcoat layer 1 i 23 acts as a 
barrier to flowing blood. The blood-tfansporting layer 1 1 08 is adhered to the 
meter-contactable layer 1 1 1 4 by riieans pf embedding the edges of the blood- 
transporting layer 1 108 with th0 overcoai layer 1 1 23. FIG. 28 illustrates the 
relationship between the planes of the optional overfcoat layer 1 1 23 and the blood- 
transporting layer 1 1 08. As us^ herein, the expression "substantially coplanar" 
includes both the situation whbreirt at least one major surfafce of the overcoat layer 
1123 and at least prie major surface of the biood-transporting layer 1108 are in the 
same pikhe and the situation vyrherein at least one major surface of the overcoat 
layer 1123 extends slightly beyond at least one rhajor surface of the blood- 
transporting layer 1108. tme coplanarity, i. e., the fonner situation, Is difficult to 
achieve primarily becausb of manufacturing conditions. Substantial coplanarity, i. 
e., the latter situation, is mbre likely to be achieved under actual manufacturing 
conditions. FIG. 28 illustrales the more fikely manufacturing result However, it is 
preferred that the overcoat layer 1123 and the biopd-transporting layer 1108 
approach tme coplanarity as much as possible so that the volume of blood needed 
- to be extracted is as sriKili as possible. 

^^thnd for P mparino the Miittiote-Laver Element 

■ ' ^ , ■ , 

The multiple-layer element is preferably mass-produred. However, the 
fc>llowing method can be used for the manufacture of a single multiple-layer 
element. 

The meter-contactable layer 1114 can be provided in the fomr^ of a sheet. In 
a typical construction, the meter-contactable layer 1114 can be a sheet of polyvinyl 
chloride. The detecting layer 1 1 1 0 can be screen printed onto the meter- 
contactable layer 1114. The detecting layer 11 10 can be a biosensor of a type 
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«»*»n. carries the elecMcal proLedT tt^ ^ J«te>ably 

med^alors „h,ch i,»»asett«,,^,^, See Ferroce,«-S.S p., 
Hedrode lor An>peiDmeWc Determination of Gluowe / JTZT,^ 
67t^ Tire e.ecic.,crc...> eomplete. wt«. a. l^tL 

conduct,™ .naterial. preferably silver chloride, tha Is reler,^^^ 

counter electrode. • ^^neo to as a reference or 

Thebloo*transportingiayer1108isthenDlacsdlna~w,ki». ^ 
lioa^ then be adhered to the hloo^transportlno 1^. ^ ^^^^^ . 



QsisiaSisa 



assemtjiy 1126 o( the blood colectino aooaraiiK! ti.o„^.~i 
cHnprlses anosepiece 1127 and a r^ ^^^k '^"*^ 
layer 1102 and the opento« im ^^^^1 " '"""'^ ' ""^"^^ 

assembly 1126 of the hin«H ^® of the nosepiece 



FIG 29A iihictrw^o *k » apparatus » pt^cea against the sWn. "S". 

Hlustmles the apparatus alter application of vacuum after the skin ^^n! k a . 
drawn Into contact with the covering layer noToui^Z^Jt T ^ 
vacuum is aoDlied <nr a « ^ V muHipte-layer elemem. The 

29C. and29D and des„nated reference numerate ,10* and ,116 in Ftes 
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and 21 B)i Then the lancet penetrates the skin, forming an opening therein. See 
FlQ. 29C. Then the lancet is retraclecj, thereby forming an unobstnjcled opening in 
the sidri. The blood, "B", emerges from the unobslaicted opening in the skin 
assisted by vacuum, and contacts the blood-transporting layer 1 1 08, ftows atong 
the bipodrtransporting layer, whereupon rt reaches the detecting layerH I 0. See 
FIG. 29D. A chemical reaction occurs at the surface of the detecting layer. The 
output of the cheirrfcal ri^on can be read at the electrical contacts t1 10a of the 
detecting layer 11 10. After the multiple-layer element is filled, the vacuuni Is 
released and the skin comes away from the nosepiecB. 

In the case of an electrochemical sensor, the meternrontactable layer 1 il4 
must physically contact the meter (not shown) in order to have the sensor, i. e., the 
detecting layer lllO, make electrical contact with the meter, such as by insertion 
into an electrical connector. The meter-contactable layer can also serve to 

physically align the multiple-layer element with , the meter in enter to properly align 
the lancet with the opening 1116 in the rhoter-cpritactable layer. In the case of the 
reflectance strip, the meter-contactable layer must be mounted in the meter tp allow 
alignment of the Bght source and the detector of the meter with the reflectance strip, 
as well as allowing physical alignment of the multiple-layer element with the pieter 
so that the lancet is properly aligned with the opening 11 1 6 in the meter- 

* * ' " ■ 

contactable layer. 

While not preferred, it is also rwssible to provide a workable multiple-layer 
element that dispenses with the blood.transponing layer. In order to eliminate the 
blood-transporting layer, the meter-contactable layer and the covering layer can be 
disposed in such a manner that blood can flow between them to the detecting layer 
by means of capillary action. In one embodiment involving flow by means of 
capillary action, the major surface of the meter-contactable layer facing the major 
surface of the 0veririg layer and the major surface of the covering layer lacing the 
major surface of the meter-contactable layer shouW be hydrophilic in nature. At 
least one of the foregoing major -surfaces, and preferably both of the foregoing 
major surfaceSi can either be made of a hydrbphiKc material or can be coated with 
a hydrophiDc material, such as, for example, a surfactant The hydrophiRcily of 
these layers will cause the blood extracted to flow In the space between the meter- 
contactable layer and the covering layer to the detecting layer. Thus, it is clear that 
the blood-transporting layer can be eliminated. In this embodiment, the meter- 
contactable layer must be of sufficient length so that a capillary channel can be 
formed between the meter-contadable layer and the covering layer. Thus, if the 
covering layer is ol such a length as to require an opening through which the lancet 



^09804366 

PCr/D»7/226l8 

45 

can pass, H fe preferred that the meter^ntactable layer also be of s,irh . m^^K 
to re...re an opening through which th. lancet can iss^^c^^ ^ " 
can be. In effecL fbrmed moan.. ._ . cnannej 



layer. 



w„,cn causes a space 

between the 



«an be earned put In a highly efficient manner, hnprovins tt,e eWoC "( 
col^^wl. ^ thepertod «fae re,^>ed ,o ohtai' b.o. i*:::* ^ 

FIGS. 5-10 and 43-16 illi«araie ratious anemalhre emtwd^ 
apparatusolthis lnven»pn. In FIG. 5. .*,od enaction deT^TalD^ 

102a and a proiecling portion 102b. A gasket 104 is nroviri»H t„ ™i .k 
102a andioabcthahousing 102andl ^ h^^epaS^Tl^^' 
102a1rdm the pn^iecting por.on 1D2b. The ,eJl^4 S^^^^^ 

102dare used to guide the proiecling portion 102b into the re<»iri„„ ^1 

a««nb^ 108. a battery (m* shown), and eleclionlcs (not shown) A swiich tho i, 

«^,he efectronics. the vacuun, pJpb cc™,^^r^r^ ^ 

S bere^tZ * ^ valve shown) ^ ' 

Placed between the vacuum pump and the lancing assembly 108 

f"""^ o' oWalning the simple, the receiving portion 102, 
proje^ng portfen ,02b are titled tightly u>9e,he,. The area 0.^ .^^ 
porl«,n 102a of the housing Itepf the ^ too Iha. Is to conj^^l 

ZTKr r" '^"'"9 mtt* "Livfn, 



ariifloor>»4^^ I . — "a wwoa exiraction chamber 

to a fliueose detector 1 14. shown here in the shape of a strip. Vlfhen h 
the devce ,00 is posMoned so iha, Ihe landnB asselly 10B is pla^Tol 

satfe^aS^ !*in,whe,et* the seal 110 allows a 

,a^ to be effected. The switch 109 Is actuated, t«*airby being 
pressed, thereby activating the electronics, which starts the vacuo™ n..™ !^ 

punv causes Ihe stan arcumscrt^d by the seal 1 10 to become engorged with 
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Wood. Engorgement of the sWn with blood is accompanied by a stretching of and 
rising Up of the sidn up to the opening 1 1 2. Atter an appropriate period of time, 
which is typically pre-set by the programmer of ttie ieleclronics, the lancing 
assembly 108 is triggered, thereby causing the lancet 1 16 to penetrate the skinthat 
has risen up to the opening 112 and that is engorged with blodd. The lancet 116 is 
preferably triggered automaUcally. by a solenoid valve (not shown) tha* causes a 
vacuum-actuated plstpn"(ridt shown) to trigger the laricet 116. The remaining steps 
of the process relating to collection of a sample Of blood are substantially similar to 
the steps descriljed in the embodiment shown in FIGS. 1 , 2, 3, and 4. 

In the embodiment shown In FIG. 5, the glucose detector 114 Is Inserted Into 
a slot 118 in the.proiecling portion ip2b of the housing 102. The reoehring portion 
1 02a of the housing 1 02 causes the glucose detector 1 14 to be moved into 'its 
proper position fortesling! The results obtained from the.glucose detector 1 14 can 
be displayed on a screen 120. typcally. a conventional liquid crystal digital display. 
The receiving portion 1p2a is separated from the projecting portion 1021) when the 
lan(»t 116 or glucose detector 114 Is belrig replaced. The receiving portion .102a 
Is fitted tightly to the projecting portion ^ 02b during the process of obtaihing a 
sample of bipod. 

The relative positions pf the vacuum pump, the battery, the electronics, the 
evacuation tul)e, the check valve, the solenbid valves, and the vacuum-actuaiod 
piston are substantially similar to the relative positions of these components as 
described In the embodiments shown in FIGS; 1 and 2. 

In RQ. 6, btood extraction device 200 comprises a housing 202. The 
housing 202 comprises a door portion 202a that is attached to the rern^nihg 
portion 202b of the housing 202 by a hinge 206. A gasket 207 is provided to seal 
the housing 202 when Ibei door portion 202a is ctosed. The door portion 202a can 
be closed by pivoting it around the hinge 206. When the door portion 202a is 
ck?sed, the convex portion 202c of the door portion 202a fits precisely into the 
concave portion 202d of the remaining portion 202b of the houang 202. The 
remaining edges of the door portion 202a fit tightiy against the remaining edges of 
the remaining portion 202b of the housing 202. Disposed within the housing 202 
are a vacuum pump (not shown), a lancing assembly 208, a battery (not shown), 
and electronics (not shown). A switch (not shown) is provided to acth^ate the 
electronics . The vacuum pump Is connected to the lancing assembly 208 by an 
evacuation tube (not shown). A check valve (not shown) is placed between the 
vacuum pump and the landng assembly 208. 
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The area of the door portion 202a of the housing 202 of the device 200 that Is to ' 
comae* the sWn Is equipped with a seal (not shovni): T^^^ 
opening 212 In the door portion 202a. The opening 212 In the door ponion 202a 
aHows communication between the surface of the skin and a blood extraellon ' 
chamber adjacent to a glucose detector 214. shown here In the shape of a strio 

When ,n use. the device 200 Is positioned so that the landng assenS^^^ 
P^ced over the region on the surface Of the skin from which the sample Is to be 

obtained. ' " order to obtain the sample of Wood, the dbbr ponion 202a of the 
housing 202 of the device 200 Is placed against the skin, wheie^ the seal Iws 
a satisfactory vacuum to be effected. The switch Is actuated, typicafly by belX 
pressed, thereby activating ihe electronics, which starts the vacuum pump The 
vacuum pump then provWes a suction action. The suctlon action of the ^^'cuum 
pump causes the skin drcumscrlbed by the seal to become engorged with blood 
Engorgemem of the skin with blood Is accom^^^^ 
Of the skin upto the opening 212. After an appropriateperlod of time, which 

triggered, thereby causing the lancet 216 to penetrate the skin that has risen up to 
he opening 212 and that is engorged with Wood. The lancet 216 Is prafer^iy ^ 
triggered automatically, by a solenoid vah^e (not Shown) that ^^^^^ 
actuated piston (not shown) to trigger the lancet 21 6. The remaining steps of the 

^Z^^^"! • ° r""^"" ^ '^"'P'" ''''''^ ^'^ substantially similar to the 
steps descnbed in the embodiment shown in FIGS 1 2 3 and 4 

slots pIr^ 6' *he glucoi ;te;ectpr 214 Is inserted Into . 

d^l?^^^^^^^^ the resuhs Obtained from the glucose 

d^teTll ^P^y^ 220. typically a comrentlonal Bquld crystel 

d^te^ chsplay. The door portion 202a is opened when the lancet 216 or glucoL 

TT' I the door portion 202a Is ctosed during the proce^ 

of obtaining a sample of Wood. p»ww*55 

swhch^ '^'^'"^ °' battery, the etedronlcs. the 

swrtch. the evacuation tube, the check valve, the seal, the solenoid valves and the 
^cuum-acluated piston are substantially similar to the relathre positions of these 
components as described In the embodiments shown in FIGS. 1 and 2 

houcinl^nf ^' ^"^^^^ '^'^^ ^ "''"P"^^^ ^ '^0"S*n9 302. The 
housing 302 comprises a door portion 302a that Is attached 1o the remaining 

portion 302b of the housing 302 by a hinge 306. A gasket 307 Is provided to seal 

the housing 302 when the door portion 302a is ctosed. The door portion 302a " n 
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be closed by pivoting it around the hinge 306. When the door portion 302a is 
closed, the convex portion 302c of the door portion 302a fits precisely into the 
concave portion 302d of the remaining portion 302b of the housing 302, The 
remaining edges of the door portion 302a fit tightly against the rerhalning edges of 
the remaining portion 302b of the housing 302. Disposed within the housing 302 
are a vacuum pump {not Wown), a lariting assembly 308, a battery; (not shown), 

and electronics (not sho«fn). A swHch (hot shown)-is:piovided to activate the 
electronics: The vacuum pump Is connected to the larusng assembly 308 by an 
Bvacuatiori tube (not showrn). A checK vialve (not shovwi) is placed betvveon the 
vacuum pump and the laneing assembly 308, 

During the process of obtaining the sample, the door portion 302a is closed. 
The area of the dobr portion 302a of the housing 302 of the device 300 that is to 
contact the skin is equipped vvith a seal (not shovim). The seal surrounds an 
opening 312 In. the door portion 302a, The opening 312 in the door portion 302a 
aliovtfs communication between the surface of the sWh and a blood extraction 
chamber ac^acent lgi .a glucose detector 314, showri here In the shape of a strip. 
When in use. the deytce 300 Is positioned so that the lancing assembly; 308 Is 
placed over the regloh cm the surface of the skin from which tt\e sample is to be 
olJtained. In order to obtain the sample of blOod, the door portiori 302a of the 
housing 302 of the device 300 is placed against the sWn, whereby the seal aitows 
a satisfactory vaiauum to be effected. The switch Is actuaie^^ 
pressed, thereby activating the eleclronics, which starts the vacuum pump. The 
vacuum pump then provides a suction action. The suction acUoa of the vacuum 
pump causes the sWn circumscribed by the seal to become engorged vwth bkx)d. 
Engorgement of the skin v«th blood Is accompanied by a stretching of and rising up 
of the skin up to the opening 312. After an appropriate period of time* which is 
typically fve-set by the^^jrogramrrierof the;ele!C*rc3jrocs, thalan^^ 308 is 

triggered, thereby causing the lancet 316 to penetrate the skin that has risen up to 
the Opernng 312 and that Is engorged with blood. The iarxjet 316 Is preferably 
triggered automatically^ by a solenoid valve (not shown) that causes a vacuum- 
actuated piston (not shown) to trigger the lancet 316. The remaining steps of the 
process relatii)g to collection of a sample of btaod are substantially similar to the 
steps described in the embodiment shown in FIGS. 1 , 2, 3, and 4. 

In the emlxximent shown in FIG. 7, the glucose detector 314 is inserted irrto 
a slot 31 8 of the housing 302. The results obtained from the glucose detector 31 4 
can bo displayed on screen 320, typically a conventional liquid crystal digital 
display. In FIG. 7, connections 322.for the electronfcs are shown. Jhe door portion 
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302a is opened when IhB lancet 316 or 9IUC0S9 detector aij 1. h<,- i 
Tl« door portion 302a is Closed durtns I P,^^^Jl " 

T.» re«ve posiiions o, the va^ J 
switch..tl» ewualion tul», the cheok « Z^' 
.acu.n>a«„a.ed piston ^ ^>*>^>.J^^Z^ 
oo-nponen^. described in ^ e„*odin,ents s^o^.;"^' 



housing 402 con-pHses a doorportion^4 1^7^^^? 
ponion 402h 0, the hotting 402 by a4t^^ A^2r„''T'* 
the housing 402 when the door portion ^a is cllT-^ '^"^ '° 

c^sed b, ,vo«ng « arou^. tS: hinged ^^tJ^^ 
0^ Jbeconvex portions ,02c ^ StS^I. 

into the concave portions 4029 and 402f resnprtivoK, 1/4^ preaseJy 
402b.,hehousi„g40a The t^a.^" I^^trJ^irpS^^L^St. 

^r.i:;rt:r-r4^rr::^^^^^^^ 

^uws »n™K.n.««,on betw^n u„. surtaceXr ajd r^Taln'"'' 
^be, a*«en. toa g»«»e detector 414. sh<«n here^tt^^" 
V»-.« .^e^rne device 400* posw^ 

f*a»d. o»ef the region on the surface olthesKlnfrDn.»hW,.h ^ 
obtained In mrip. tn .k ™ ""^ "•>«!) the sample is to be 

.yp-.hr pre-set by the progra^ner o, the eteconics. the bncing is 
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triggered, thereby causing the lancet 416 to penetrate the skin thai has risen op to 
the opening 412 and that Is engorged with blood. The lancet 41 6 is preferably 
triggered automatically, by a solenoid vah^e (not shown) thai causes a vacuum- 
acluated piston (not shown) to trigger the lancet 416. The rernaining steps of the 
process relating to collection of a sample of btood are substantially similar to the 
steps described Iri the embodiment shown in FIGS. 1,2, 3, and 4. 

In the embodiment shown in FIG. 8, the glucose detector 414 Is Inserted into 
a slot 41 8 of the housing 402. |n this embodiment , it is shown that glucose 
detector 14 can be, rotated 90° between two positions to isimpnfy insertion and 
replacement thereof. The results olrt^ned from the glucpise detector 41 4 can be 
displayed on screen 420, typically a convertloiidi Bquid crystal digital display. The 
door portion 4d2a is opened when the lancet 416 or glucose detector 414 is being 
replaced. Thedopr portion 402a is closed during the process of obtaihing a 
sample of btoodL 

The relative positions of the vacuum pump, the battery, the electrbnics, th& 
evacuation tube, the check valve, thecal, the solenoid valves* and the vacuum- 
aciiiated piston are subslantlaily sihiilar to the relative positions of these 
components as.descrilwd in the embodiments shown |n FIGS. 1 and 2. 

In FIG. 9. blood exuactlon device 500 comprises a housing 502. Thd ~ 

housing 502 comprises a cover portion 502a that Is attached to the remaining 
portion 5p2b of the housing 502 by a hinge 506. A gasket 507 is provided to seal 
the housing 502 when Uie cover portion 5b2a Is closed The cover portion 502a 
can be closed by pivoting it around the hinge 506. When the cover portion 502a Is 
dosed, edges 502c of the (»ver portion 502a tightiy fit agalnsl edges 502d of the 
remaining portion 502b of Vhe housing 502. Disposed vwthin the housing 502 are a 
vacuum pump (not shown), a IsuKang assembly 508, a battery (not shown), arid 
eledronlcs (not shown). A switch (not shown) is provided to activate the 
efertronics. The vacuum puirip Is connected to the lancing assembly 508 by an 
evacuation tube (not shown). A check vahre (not shovim) Is placed between the 
vacuum pump and the lancing assembly 508. 

During the process of obtainirtg the sample, the cover portion 502a is 
dosed. The {?over portion 502a of the housing 502 of the device 500 that is to 
contact the skin is equipped with a seal 51 1i The seal 51 1 surrounds an opening 
512 in the cover portion 502a. The opening 512 in the cover portion 502a allowfs 
communlcatfon between the surface of the skin and a blood extraction chamber 
adjacent to a glucose detector 514, shown here in the shape of a strip. When in 
use, the device 500 is positioned so that the landng assembly 508 is placed over 
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the region Oh the surto 01 tt.9 skin from which the , 
order to obtainihe Mmple ot blood, the cover porlior6oS . 

the device 500 is pla»d ag*,st tt« sWn, wherCXe^. 1 ''"^ " 
vacuum ,0 be effected. The swfeh b ecnrS^L^^^ 

Miyrtng the eieiaronics, which starts the vaciSl 

presides a sucfion action. The suction acaSl'v^^.Tl:^* ^l" 

arcumscrtbed by the seello become enaoroed Z b^T^ 

openrn, 512. «lw an appropdale parted of time CkJ^^SL „ ^" "^^ 

.^ogrammer of the electronics, the bndng isJm^t^^^ '"^'^ 

causing the lancet 516 to penetrate .he s^n^ h T '^"^ 

and that is engorged WiUi blood^riLtt 5«^" 

aulomMcally, by asolei»ld valve lul^Hh^^"'^'^*^ 

piston (not Shown) to iHgge, the s« ^ ^ ' vacuum^ed . 

relaang to coBectlin Of alamTfeS^ t^^J^^ 

described in the embodmem shown iI^gT 1 2^^," 

can be dlsplay^t^e^^ ^""^ datedo, 514 

detectLl4 l^^^'^' ^P""' '^-^ 516 or glucose 
P^-asofob.X^jrXro.^-^r"^'^'^'*^"'-^^ . 
s««ch, ^S£^.1"IT"'" "» '-••'■V. aiectn^nics. the 

2— .-:rsrr^,rjn:;!::::^^^ 

componems as described in th« ««.k^^.^._. . '^''^ Posrt«)ns of these 



embodiments 



ho.sin:'^';:^^ '^^^^^^ 

-a housing 602 when the'co^r ^^^^^ P«««ad to sea. 

can be dosed b, pivCno i. arourS^thTN?™ ^ 
Closed, edges 602C of .he cove, pordontS Z JI «^ ia 

~g po,«on 60a, of the hoSrfioTtd^sru;::^" "-^ 
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(not shown). A check valve (not shown) is placed between the vacuum pump and 
the lancing assembly 608. 

During ttie process of obtaining the sample, the cover portion 602a is ^ 
closed The cover portion 602a of the housing 602 of the device 600 that contacts 
the skin is equipped wrlh a seal 611. the seal 611 surrounds an opening 612 ln 
the cover portion 602a. the opening 612 in the cpver portion 602a altows 

communication between the surfade of the skin and a bk)od extraclipr> chamber 
adjacent to a glucose detector 614, shown here in the shape of a slrip. When in 
use, the device eOO is posiUoned so thai the landng assembly 608 is placed oyer 
the region on the surface pi the ^Wn from which the sample is to be obtained. In 
order to obtain the sample of blood, the cover portion 602a of the housing 602- of 
the device 600 is placed against thei skin, whereby the seal allows.a satisfactory .. 
vacuum to be effected. The switch is actuated, typically by being pressed, thereby 
activating the eleclronics. which starts the vacuum pump. The vacuum pump then 
provides a suction adbn, The suction action of the vacuum pump caiises the sWn 
drcumscribed by the seal to become engorged wllh blood. Engorgement of the ; 
skin wrth blood is accompanied by a stretching of and rising up of the sWn up tb the 
opening 6i2. After an appropriate pertod of time, which is typically prerset by the 
programmer ot the electronics, the landng assembly 608 is triggered; thereby 
causing the lancet 61 6 to penetrate the skin that has risen up to the opening 61 2 
and that Is engorged vgith blood. The lancet 616 is preferably tri^^^ 
automatically, by a solenokJ valve (not shown) that causes a vacuunhadualed 
piston (not shown) to trigger the lancet 61 6. The remaining steps of the process 
relating to collection of a sample of blood are substantlaily similar to the stepis 
described iri the embodiment shown in FIGS. 1 , 2, 3, and 4. 

In the embodiment shown in FIG. 10, the glucose detedor 614 Is Inserted 
Into a stot 61 8 of the housing 602. The results obtained from the glucose detedor 
614 can be displayed on screen 620, typically a conventional liquid crystal digital 
display. The cover portion 602a Is opened when the lancet 61 6 or gluOTse 
detedor 61 4 is being replaced. The cover portion 602a is closed during the 
process of obtaining a sample of blood. 

The relathre positions of the vacuum pump, the battery, the etedronlcs, the 
switch, the evacuation tube, the check valve, the solenoid valves, and the vacuum- 
aduated piston are substantially similar to the relative positions of the$e 
components as described in the embodiments shown in FIGS. 1 and 2. 

Referring now to FIGS. 43A through 43C. which depid another embodiment 
of the present invention, blood extradion device 700 comprises a housing 702 
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havinB an interior cover portion 702a (stovyn in the open position In FIG 43A arx) 
.n ttie dosed posHlon in FIG. «B), a door portion 702b (shown in the open p,^„ 
». FIGSMSA and .38 and in the cosed posldonh Fia 430), a«< a bo^pST 

r^J^.TZr" ^'^ advantaoeously may positioned via 
p™ie<*on 703. above the bod), portion 702c byan attachment In Ute fo™ o» w^e 
7<» Alter^v the mterior cover portion 702a may be attached ^ the bl 

a hmge 705, frlct«.nal engagement, and a detent When a hinge 7051s used h 
mayopfional^p be spring biased to retain the interior ever portion 702a inlte o»„ 
or closed posrtion. A detent (not shown) may be provided on the InteHor S 
portion 702a to engage with a protn«lon (not shown) on the prolecUon 703 or vice 
TO m^ntaln the interior cover portion 702a in the open or dosed p6^ : 

wten *.,ed. AB»UBh a hinge 705 is prov^ 

FU3S. «A throi^h 43C. any other attadrmont or comblna«o« of attachments that 
anows tha^irterior cover portion 702a to attach » the body portion 702c ^ 
aterrate tetween an open-and closed posNlon is acceptable. The door portion 

^^""^ ^^ "^ *^ by a hinge 7^^ . 

Atertttvely. the doorportlon 702b ma, be attached to the body portim, 702o by 

Motional engagenrent, a detent, orariy combination o( a hinge 708. ft^ 

Sr^rfh^H**"' * --I. it -^y optionally be spring 

1^ to retain the door porton 702b in the open or dosed position A detenWnot 

shown) on the t»dy port»n 702C. or vice versa, to maintain the door portion 7<»b 
m the open or closed position when desired AMhough a Nnge 706 isprovided in 
me^en^ment shown in RGS. 43A*rough 430. any other^chme«r^ 
oon*^„,att=^o«sthat^^ 

po«»n T^andaiterttate .>eh«en an open and dosed position I, acceptable. A 

aaslw o, other s^tarrangement 707 Is pmvided to seal the housing 70^ 

S m^" T ^'^^ ALonally a 

«ch mechanrsm (not shown) may be provided to prevent accidental opening o. the 

Cid^'p^iifL'"*" "^"^ ^ Typ*««». the «ch .L^r 

ProVKle lodong engagement 01 the door portion 702b with the body portion 

r^^Z T^^ ' «o whW, a lancet 

« .nsertad. a battery (not shown), and electronics (not shown) lor purposes 
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described hereinafter. A switch 709 is provided to aclivatB the electrohics, which 
may take the lorm shown in FIG- 3. The vacuum pump OT^ 
evaojatlon tube (not shown) with the volume enclosed by the door portion 702b 
when the door portion 7P2b is in the closed position. OplionaUyi a check valve (not 
shown) may be placed In the evacuation tub© between the vacuum pump and the 
volume enclosed by the door portion 702l> when the door portion 702b is in the 
closed position^ 

During the prpcess of obtaining the sample, the Interior cover portion 702a 
and the door portion 702b are closed together with the body portion 702C to form a 
seal The seal should be suffidently tight so that a suffici^^^^ 
obt^ned by removihg air from the volume enclosed by the door portion 702b when 

the door portion 7d2b is In tha ctosed position. 

VVhen tha interior cover portion 702a is closedi the lancet 716 Is fully 

enclosed within the interior cover portion 702a. thus preventing the individual 
being tested from accidentally coming into opnlact vinth the lancet 716. The interior 
coyer portfon 702a contains an opening 713, FIG. 43B, that allows the lancet 71 6 
to extend thoiethrbugh and contact the skin as described hereinafter. The opening 
713 rhay be rounds oyal, rectangular or any other shape. The interior cover portion 
702a may also dpnt^n a shoulder portion. (not shown) on the Interior of the interior 
cover portion 702a that surrounds aH or a portion of the opening 713. When 
preferably induded, the shoulder portion stops the lancet assembly 7Q8 from 
extending beyond the shoulder portion and prevents the lancet 716 from extending 
more than Is desired Into the skin. The preferred lancing depth typically ranges 
from about 0.5 mm to about 3 rnm Into the skin. 

The area of the. door portldn 702b of the housing 702 that is to contact the 
skin is equipped wte a seal 711. Fia 43C. The seal 711 surrounds an opening 
712 in the door portion 702b that aligns with the opening 713 In the Interior coyer 
portion 702a when both the interior cover portion 702a and the door portion 702b 
are in the ctosed position. The opening 712 may be round, oval, rectangular or any 
other shape. The opening 712 In the door portion 702b altows communication 
between the surface of the skin and a blood extraction chamber adjacent to a fluki 
collector, shown here in the form of a glucose detector 714. FIG. 43B, wrtilch may 
take the shape of a strip. Other types of fluid colledors may also be used, and 
those of skill in the art will recognize that the present embodiment could easily be 
modified to include more than one fluid collector. Preferably, the glucose detector 

714 used in the embodiment shown in RGS. 43A through 43C contains a opening 

715 in approximately the middle of glucose detector 714 for the lancet 716 to pass 
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through The opening 715 is preferably in aHgnment with openings 712 and 713 
andthe>ncet 716. The opening 71 5 may be covered with a me^ . 

When in use, the device 700 is positioned so that the landna assemblv is 
Ptaced over the region on the s.^ace of the sWn from which the^Se is to 
be obiained such that the lancing assembly is approximately perp^^ l l 
surface Of the sldn ln order to obtain th^^ 

the housing 702 is placed against the skin, whereby the seal 71 ill I 
oper^ng 7 1 2 allows a satisfactory v.c0.m to be e«4l ^e s^^To^t 

m FIG. 3 and discussed above, which starts the vacuum pump, the at^ionTthlf 
vacuum pump withdraws air from the volume enclosed t^the doof^ion 7oih 
When the door posiUon 702b is in the closed posHion J^^^ "^ 
arcumscnbed by the seal 711 to be drawn toward the ooenina i^ o rT u 
th.s.n beaming engor H^gorgeS^^^H^^^^^^^ 



After an appropriate period of time, which is typically pre^set bv th« 

fancet 716 to penetrate the skin that has been polled up Into the openina 712 of tho 
door ^rton 7021,. The .ancet 71 ^ 

fr^t 1 r ^'''""^ ^^'^^^ - vacuUm-actuaLd^piston 

(not Shown) to tngger the lancet 716. The remaining steps of the process Si 

to collection of a sample of blood are substontia«y the^erSl ' 

when using the embodiment Shown in FIGS. 1 through 4 ^^^^^"^^ 
_ In the embodiment shown In FIGS. 43A through 43C. the glucose detector 

detectpr 714 contains one or more electrical conlatls (not shown) on the end 

cbaner removal o,tf,a ^ ^ ,^ Lclu^»Tttll7^ 

delert« 714 .sptecedimott,».to. 718 substartiaHy paralte. to the upl su^ of 
the iwenor cover ponior. 702a when the intertor cover Dortlon lla^rT^ ^ 
i-Hion. ..B„„»^ Channels 719a and 7,9. oZZ,":TJZZ^JT 
■ntenor c„ve, pprtion 702a n«y he provided to a^n the gK«ose ^'7^ » 
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that the glucose detector 714 |s properly aJigned with the lancet 716. AHghnront 
teatures (not shown) within the interior of the door portion 702b may also be 
provided )o asslsl In the afignmerit of the giucosa deledor 714 over the lancet 71B 
when the door portion 7G2b is dosed, Both the interior cover portion 702a and the 
door portion 702b are closed during, the process of obtaining a sample of bloods 
After the lancet 71 6 raerces the. sl<ln and is retracted, blood Is v\rithd!rawn, 

• • • • • ■ ■ 

under the aid of the vacuum, toward and pnto the glupose detector 714. When a 
suffident amount of blood has been collected, the glucose detector 714 generiates 
a signal which results in deacUvjation of the vacuum pump and the vacuum is 
released by, for example, an eleclronical^i^ controlled vah^e. Alternatively, the 
vacuum pump may be stopped after a pre-sel .time Interval. The blood collection 
device 700 may then be removed from the individual's skin. Tfierdaher, the 
glucose detector 714 generates a rfgnal, as described above, indicative of glucose 
level, which signal is transmitted via electrical circuitry to the electronics housed in 
the blood collection device 700. The signal is processed by such electronics, in the 
manner described, above, and the results .obtained from the glucose detector 714 
can ba displayed on a screen 720, typicaBy a cpnyentonal: liquid crystal digital 
display. Other mariners of dBsplay m^ also l>e used. 

Upon completion of the measurement, the door pprtion 702b may be 
opened and the glucose detector 71 4 may be replaced. When it js desired to 
replace the lancet 716, both the door portion 702b and the Intertor cover 7p2a are. 
opened, as descnbed al}ove. The lancet 716 and the glucdse detector 714 ihay be 
replaced Immediately after use, immediately before use, or. may be replaced at any 
other time. 

Referring now to FIGS. 44A arid 44D, which depict another embodiment of 
the present invention^ blood exlracUon device 800 comprises a housing 802. The 
housing 802 indud^ a dbor portion 802a (shown in the open position in Flio. 44A 
and in^^the plosed position in FIG. 44B) that is attadied to the boc^ portion 802b of 
the housing 802 by an attachment in the fonn of a hinge 806. Alternatively, the 
door portion 8d2:a may be attached to the body portion 802b by frictional 
engagement, a detent (not shown), or any combinattm of a hinge 806, frictional 
engagement, and a detent. When a hingie 806 is used, it may optionally: be spring 
biased to retain the door pprtion 802a in the open or closed position. A detent (not 
shown) may tie provided on the door portion 802a to engage with a protrusion (not 
shown) on the body portion 802b, or vice versa, to maintain the door portion 802a 
in the open or closed position when desired. Although a binge 806 is provided in 
the embodiment shown in FIGS. 44A and 44B, any other attachment or 
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combination Of attachments that aHows the door portion 802a to attach to the bodv 
portion 802b and alternate between open and closed positions Is acceptable The 
hinoe 806 may be located on the body portion 802b as shown In FIGS 44A and 
44B or may alternatively be located on one side of the body portion 802b A oasket 
or other s^ arrangement 807 Is provided to 

portion B02a IS Closed. AddHlonally. a latch mechanism may be Included to 
prevent accidental opening of the door portion 802a when the blood collection 
device 800 is in use. Typically, the latch mechanism would provide locWnq 
engagemem of the door portion 802a with the body portion 802b 

Disposed within the housing 802 are a vacuum pump (not' showrlj. a lan^ 
assemb^ 808 generally comprising a molded plastic piece 830 to which a lanoT 
816 IS affixed, a lancing assembly (not shown) Into which the lancet assembhr 808 
IS. nserted. a battery (not shown), and electronics (not sh^^^^^ Aswltch809 RG 
44B. ,s provided to activate the electronics, which may take the form as shown In ' 
FIG. 3 The vacuum pump communicates by an evacuatton tube (not shown) with 
the vokime enctosed by the door portion 802a when the door portion 802a Is in the 
ctosed position. QpHonally a check vahre (not shown) may be placed In the 
evacuation tube between the vacuum pump and the volume enclosed by the door 
portion B02a whenthe door portion 802a Is In the dosed 

to ^oor portion 802a is closed 

tl oM "Tk "^^' "^^ be sufffclently tight so that a sufficient vacuum can 
be obtained by removing air from the volume enclosed by the door portion 802a 
When the door portion 802a is In the closed position. 

"^^'^.^^ of the door portion 802a of the housing 802 that Is to contact the 
Skin IS equipped with a seal (not shown). The seal surrounds an opening 812 
^hown in dotted lines In FIG. 44B) in.the door portion 802a The opening 812 may 
09 round, oval, rectangular prany other shape. The opening 812 In the door 
pott»n 802a allows communlcalton between the surface of the skin and a btood 
extractK^n chamber adjacent to a fluid collector, shown here in the fo^^^ 
glu^se detector 814. whfch may take the shape Of a strip. Other types oHIuid 

"^I"^ ■ ' ^ ^" '^oognlze that the 

present embodiment could easily be modified to inchide more than one fluid 

L'^'tr"^' ^'""^^ ^«ctor «14 used in the embodiment shown In 
HGS. 44A and 448 contains an opening 815 in approximately the middle of 
gh^cose^detector 814 for the lancet 816 to pass through. The opening 815 is 
preferably m alignment with opening 812 and the lancet 816. The openina 815 
may be covered with a mesh. ^ 
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When in use. the blood cojleclion device 800 is positioned so that the 
lancing assembly is placed over the region on the surface of the skin from which 
the fluid sample is to be obtained such thai the lancing assembly Js approximately ; 
perpendicular 16 the surface of the sWn; In order to obtain the sample of blood, the 
door portion 802a of the housing 802 is placed against the skin, whereby the seal 
surrounding opening 812 allows a satisfactory vacuum to be effected. The switch 
809 is actuated, typically by being pressed, thereby acHvaUng the electronics; 
described in FIG. 3 and discussed above, which starts the vacuum pump. The 
vacuum pump then provides a suction action. The action of the vacuum pump 
withdraws air from the volume enclosed by the door portion S02a when the door 
portion 802a Is in the closed position, and causes the skin circumscribed by the 
seal to be drawn toward the opening 812. This results In the skin becoming 
engorged with blood. Engorgement of the sWn with btood is iaccbmpanied by a 
stretching of and rising up of the skin to the opening 812 in the door portion 802a 

After an appropriate period of time, which Is typically pre-^^^ 
programmed electronics, the lancing assembly is triggered, thereby caiusing the 
lancet 816 to penetrate the sWn that has been pulled up Into the opening 812of the 
door portion 802aand that is engorged with btood. The lancet.B16 Is preferably 
triggered automatically by activation of a solenoid valve (not shown) that causiss a 
vacuum-actuated piston (not shown) totriggerthe lancet 816. The remaning steps 
of the process relating to collection of a sample of blood are substantially similar to 
the steps described when u^ng the embodlrhent shown in FIGS. 1 through 4. 

In the embodiment shown In FIGS; 44A and 44B, the glucose detiector 814 is 
inserted into stot 818 of the door portion 802a of Vns housing 802. Alignment 
channels OlOa and 81 9b, preferably C-shaped, along either side of slot 818 can be 
used to align the glucose detector 814 so thal the glucose detector 814 Is property 
aligned with the lancet 81 6. Preferably, the alignment channels 81 9a and 81 9b 
cover only a small portk>n of each side of glucose detector 814 to minimize the 
chance of bk>od being left in the slot 818 and alignment channels 81 9a and 819b 
when the glucose detector 81 4 is removed. In a prefen-ed embodiment, some 
portion of the glucose detector 81 4 should extend beyond the top of the door 
portion 802a to ensure easy removal of the glucose detector 814. in the 
embodiment shown in FIGS. 44A and 44B, glucose detector 814 contains one or 
more electrical contacts (not shown) on the end opposite the end Inserted jntorslot 
818 that engage one or more electrical contacts (not shown) positioned within a 
stot 821 on the body portion 802b. The end of the glucose ctetector 81 4 with the 
electrical contacts is inserted into slot 821 on the body portion 802b by the 
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^ven^m oMte do* porttoft fl02a when ths <^ 
Aterraliyev, the bkwd extiaaion devire 800 nrav be dBsi™^^^ 

302a When dop, ^„ 802a .e dosed. AS^^rS.: s^,*^ ^ 

7"^ ^ lanoe. a^embly 808 extend^ b^^J 
alignment chara»ls and 819b and prevem the ^ 816 'on. e^„an„ 
more than.s desired into Uk> skin. The preterrediandnB depth t^T^S 
*»m abou. 0.5 mmto abcuts n»n intothe skin. The *K^pbS.onSS 
during the process of Obtaining a sample of blood. -""^a is ctosed . 

After the lancet 816 pierces the skin and is retracted bhiod k mhh,^ 
^ aid o.U» v^„m. toward and onto the O^^^JIT^^ 
SL^'^'^, '"^^ coltected. *e ghrcose det«=,or 814 

i^.T7 ""^^-Xthe vacuum pumpandihevacuumr 
released by. (or example, ah etedronirally ponuoled vahe. AKomahX ,h» ' 

vacuum pumo mav be stOf^)ed 



de^aoom^_««„beren»^.„m^ — : 

*teclor 81 4 generates a signal, to described ^^^^ indfealhW M glucose 

C^S" T*"*" *> «'»«ron.«^.S 

blood collection device 800. The signal is processed by such eleclronfce In «» 

manner de^ribed abo™, andthe results b«ei„ed *om .h^lutrdS„VJ:4 
2^ d^y«. on a sc^en 820. Wc««y a c«,ven,ional .quid ciy^ W 
dKplay. Other manners of dtepiay may also be used. 

'^^ "''Melion rt lhe measuremem, the door jjortton 802a ra^ 
^SlTa^rth^T ^ may The 



- MP .J vtuxst nine. . . 

Of the TZZZ"^ ';;f S.^5A through 45E. which depfct another embodlmenl 
hlln IT • ' ^'^^'^'^on device 900 comprises a housing 902 

that is ait J!^ r *K ^ "SS- through 45E) 

body t rtion 9^^^^^^ P^^^-^02a may be attached to the 

ooay portion 902b by fncDonal engagement, a detent (not shown) or anv 
combinatk)n of a hinnp qor fnuwn; or any 

n 01 a hmge 906, fnctionaJ engagement, and a detent When a hinge 
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906 is usBd. it may opllonaMy be spring biased to retain the door portion 902a in 
the open or a closed position, A detent (not shown) may be provided on the door, 
portion 902a to engage with a protrusion (not shown) on the body portion 902^, or 
vice versa, to maintain tlie door portion 902? in the open or closed position when 
desired. Although a hinge 906 Is provided in the embodiment shown in FIGS. 45A 
through 45E, any other attachment or combination of attachments that allows the 
door portion 902a to attach to the body portion 902b and alternate between an 
open and closed position is acceptable. A gasket or other seal arrangement (not 
shown) is provided to seal the housing 902 when the door portion 902a is closed. 
Adcfitionally, a latch mechanism may be Included to prevent accidental opening of 
the door portion 9d2a when the blood collection device 900 is in use: Typically, the 
latch mechanism would provide locking engagement of the door portion 902a with 

the body portion 902b. 

Disposed within the housing 902 are a vacuum pump (not shown), a lancet 

; asseml)ly 90B generally comprfeing a ifnolde^ 
916 is affixed, a lancing assembly (not shown) into which the lancet assembly 908 : 
is inserted, a battery (not shown), and electronics (not shown) for purposes 
described hereinafter. A switch 909 is provided to activate the electronics, which 
may take the form as shown in FIG. 3. The vacuum pump communfc^es by an 
evacuation tube (not shown) with the volume enctosed by the door portion 902a 
when the door portion 902a is In the closed position. Optionally a ched< valve (not 
shown) may be placed in the evacuation tube between the vacuum pump and the 
volume enclosed by the door portion 902a when the door portion 902a is in the 
closed position. 

During the process of oblalnihg the sample, the door portion 902a is closed 
to fonn a seal. The seal should be sufficiently tight so that a sufficient vacuum can 
be obtained by removing air from the volume enclosed by the door portfon 902a 
when tiie door portion 902a is In the closed position. 

The area of the door portion 902ai of the bousing 902 that is to contact the 
skin is equipped with a seal 910. FIG. 45B. The seal 910 surrounds an opening 
912 in the door portion 902a. The opening 912 may be round, oval, rectangular or 
any other shape. The opening 912 In the door portion 962a allows communication 
between the surface of the skin and a blood exUacBon chamber adjacent to a fluid 
collector, shown here In the fonn of a glucose detector 914, which may take the 
shape of a strip. Other types of fluid collectors may also be used, and those of skill 
In the art will recognize that the present embodiment could easily be modified to 
include more than one fluid collector. Preferably, the glucose detector 91 4 used in 
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the embodiment shown in FIGS 45A thrnnnK Actz ^ ^ t 

th6 blood. Th9 semWrcular notch may be covered v*h mesH 

When In use. the blood coltecllonde«ce 900 is poslttoned so thai 
^np e^mbh, Is Placed ova, tt« «,lon on tt« 

45C. from Which the fluid sample is to be obtained such ftal the lar^t^thh, 
B appro„raatel), perpenlcuhr to the surface of the s«„ 924.^ So^»^k 
sample of blood.,the door portion 9t»aof the housinn 9i» 2°T *^ 
mm. whereby .be seatstosurroun^^;^"'^^^^^^ 
vacuum to be eflecled The s,«, 909 Is actuSd frrtcaftv^hTjlf^ 

.He electronics. descHbed In Pia a^W^^r^t^ 

aarte ».e vacuum pump. The action of the vacuum pump withdraws SZi, T 
vo^me enctosed by the door portion 902a when Jdoor poZX b W 
Closed position and causes the skin dr^jmscrlbed by the «^ w 
towardtheoMninnnio Ti^.. ..^ .. . ' Hb drawn 



Engorsiemen, ot the s«n wHh ^I '^aZ^^^^^^^J^t^ r 
Of s.. to the opening,,. «the*.or port^ :Z:Z"' 



through 45E. 



After an appropriate period of time. Which is typi^^^ 

actlv^bn rS r ? w ^ ^ P^fe^ably triggered automatically by 
In the embodiment shown In FIGS 45A thrnnnh arc 4k« • . 
etSS^ T *tee.o, 9,4 oor^Sns one„ 

I^r atr^^"^ P-^*""*- »«Hlnthe slot. After «» 'hrco^ 
ptSon 9^ isTK"! ^ »' """able proiectlon 903. raoL.le 

pS ^ ^ ^'^^ T"^-^ ™^ Holds the movaL 

903 m the .nward posmon until triggered, as discussed below 
As shown m Fies. 45B through 45C, when the door podlon 902, i. rt„.^ 

vii: A .u assembly 908. Although a cam surface 926 is shown in Pin 

45A. olher a.9nment approaches may ateo be utifeed. The lan^ 91^:r- 
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triggered, penetrates the skin 924, as shown In FIG. 45D, and is quickly retracted. 
Shortly after the lancet 91 6 is triggered, as discussed above, the nnbvable 
projBclion 903 is triggered, preferably eledronically such as by the relea^ of a 
latch or other rnechariiini, causing an Interior 

projection 903 to move outwardly, such as by a sliding mechanism,- and thereby 
causing the glucose detedor 914 to move to a position near the position where the 
lancet contacled the skin 924, as shown m FIG.; 45E, causing the glucose detector 
91 4 to come into contact wth the btood. Thie area of the Interior of the door portion 
9b2a Immediately adjadenl to the opening 912 may also preferably, stop the lancet 
assembly 908 frorn extending beyond the door portion 902a and prevents the 
lancet 916 from extending more than is desired into the skin. The preferred lancing 
depth typically ranges from about 0.5 mm to about 3 mm into the skin. The door 
portion 902a is closed during the process of obtaining a sample of blood 

After the lancet 916 pierces: the skin 924 a^^ 
withdrawn, urider the aid of the. vacuum, toward and onto the glucose detector 914, 
When a suffident amount of btood has been collected, the glucosiB detector 91 4 

' 

generates a signal which results in deactivation of th^ vacuurn pump and the 
vacuum is released by, for example, an electronically controlled vahre. 
Alternatively, the vacuum pump may be stopped after a prorset time interval. The 
blood collection device 900 may then be rernovad frpm the individuals skin. 
Thereafter, the glucose detector 91 4 generates a signal , as descrit>ed above, 
indicathfe of glucose level, which signal fe transmitted via electrical drcuitry to the 
electronics housed in the btood coljectfpn device 900. The signal is processed by 
such electronics, in the manner described above, and the results obtained from the 
glucose detector 914 can be displayed on a screen 920, typically a conventional 
liquid crystal digftal display. Other r^ 

Upori completton of the measurement, the- door portton 902a may be 
opened and the glucose detector 914 and the lancet 916 may be replaced. The: 
lancet 91 6 and the glucose detector 91 4 may be replaced immediately after use, 
immediately before use or may be replaced at any other time. 

Referring now to FIGS. 46 A through 46C, which depict another embodlrnent 
of the present invention, blood extraction de\rice 1000 comprises a housing 1002 
having a door portion 1002a (shown in the closed position in FIGS. 46A through 
46C) that is attached to the body portion 1002b of the housing 1002 by an 
attachment in the form of a hinge (not shown). Alternath^ely, the door portion 1002a 
may be attached to the Ijody portion 1002b by friction^ engagement, a detent (not 
shown), or any combination of a hinge, frictional engagement, and a detent: When 



. . FCT/US97>3i2618 

63 

a hmge is used, il may opiionally be spring bi^d ,„ door portTon I002a 

In tt,e open or closed positioa A detent (not shoM,) may be p,o»ided^„ ,he ^ 
porton Kxaa to engage with a prolusion (not stwwn) on the body portion 100^: 
or v^evepa. to raaiMa,„ the door portion lOO&lntheopenordosL^positoT* 

1 «A "hrough 46G. any other attaohme^ or combination of iHachments Z 
a»o«^tt,e door portion »002a to attach to th* i»dyportion 1 002b and eit^e 
l>elween an open and Closed position is acceptable. A gasl<et or other seJ^ ' 

7^rT T ^ """"""^ ^ 1002 When the door portion 

1002a is closed. Aiternatlvoly, the housing 1002 n«y also include a *,<S ■ 

intenor covw portion (not sh<»m). similar to lha described in the ei«^^ . 
shown rn RGa 43A through 43C. that advantageously may be positioned^nd 
me lanang asselnbly (not sho^) In a manner to allow the movable interior cc^ 
porton to be opened and closed. Any attachment that allows the movable interior ' 
cover portkm to attach to the body portion 1002b and alternate 
and dosedposHion is acceptable. AddiHonalty. a latch mechanism may to 
•ncMed to prevent accidental operting of the door portion 1O02a when the biood 
oo.tec.10ri device 1000 is ,„ use. Typica«y. the Nch mechanism J^^w irnvST 
to<*ng engagemem of the door porton 1002a with the body portion iooJb^ ' 
a^r,^^"^T"^ " vacuum pump (not shown). ilanc« 

WsT^^ T'^ ""^"^ ' ^ '"^ 1° a lance. 

018 s afUxed. a lancing assembly (not shown) into which the lancet assembly 

descnl»d here,nal.er. A switch 1 009 is provided to activate the eiectrortTwhich 

" ™« oommuni^sT'r^ 

e^atonjube («« sho«m) wiUI tt« yokrme enc^ 

«*»n«» do» po.ton 1002a Is inlhe dosed posits 

not d»wn)may be placed in the evacuation tube between the vacuum put^rand 
C;^- '^'^ i.«2a When the *or portion lS«al in 

to fom,'^S."^'"°TK' V^"^ sample, the door portion 1002a is dosed 
teohLt^' "^rKSenttytlgw so u«l a suHidem vacuum can 

^a^t;? ^ "T^ * ™*^™«-"*sed .„ the doo, portion loT 

When the door pwtwn 1002a Is in the dosed posHion. 

The area ol the door portion 1iD02a of the housing 1002 thai is lo contact the 
ston « equipped with a seal 1010, The seal ,010 surmunds an openingToiTin 
.he door portion ,002a. The open,„g,o,2 may ba round, oval, redan^ll o' al-y 



PCTAJS!y7/22618 

^098^4366 

64 

Other shapa The opening 1012 In the door portion 1002a allows communication 
between the surface oi the sWn and a btood extraction chamber adjacent to a fluid 
collector, shown here In the fonn of a glucose detector 1014, y^^^^ 
shape of a strip. Other types of fluid colleGlors may also be used, and those of skill 
in the art will recognize that the present embodiment could easily be modified to 
include more than one fluid collector. Preferably, the glucose detector 1014 
contains at least one opening (not shown) in approximately the middle of glucose 
detector 1014 for the lancet 1016 to pass through. In this embodimert, at least one 
opening in approximately the middle of glucdse detector lbU is preferably In 
alignment with opening 1012 and lancet 1016 and may be covered with a mesh. 
Alternatively, the glucose detector 1014 used In the embodiment shown in.FIGS. 
46A through 46C may contain a semlrdrcular notch (not shown) In the region of the ^ 
glucose detector 1014 that comes into contact with the blood, The semWrcuIar 
notch may be covered with a mesh. 

When In use, the blood collection device 1000 Is positioned so that the 
lancing assembly is placed over the region on the surface of the 
the fluid saiTiple is to be obtained such that the lancing assembly is approximately, 
perpendicular to the surface of the skin. In order to pbtain the sample of btood. th& 
doorportion 1002aofthehousing 1002ispiacedagain5ttheskin.v¥bereby the 

seal 1010 surrounding opening 1012 alloWs a satisfactory vacuum to be effected, 
the switch 1009 is actuated, typfcally by bQihg pressed, thereby activating the 
electronfcs. described in FIG. 3 and discussed above, which starts the vacuum 
pump. The action of the vacuum pump withdraws air from the volume enclosed by 
the door portion 1 002a when the door portion 1002a is in the closed position and 

causes the skin circumscribed by the seal 1010 to be drewn toward the opening 
1012. This results in the skiri becoming erigorged with blood. Engorgement of the 
sWn with blood is accompanied by a stretching of and rising up of the skin to the 
opening 1012 in the door portion 1002a 

After an appropriate period of time, which is typically pre-set by the 
programmed electronics, the lancing assembly is triggered, thereby causing the 
lancet 101610 penetrate the skin that has been pulled up into the opening 1012 of 
the door portion 1002a. The lancet 101 6 is preferably triggered automatically by 
activation of a solenoid valve (not shown) that causes a vacuum-actuated piston 
(not shown) to trigger the lancet 1016. 

In the embodiment shown in FIGS. 46A through 46C. the glucose detector 
1014 is inserted into a slot 1018 of a movable projection 1003 of the body portion 
1002b of the housing 1002. Glucose detector 1014 contains one or more electrical 
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co^nol Shown) on the end inserted imo the sto. 101 8 «Wch ens^e one or 
nwre^etactmal comaos (not slwwn) ppsMpned within tl» slot 1018. P«»e«^° 

anerthe glucose detector 1014feposllk)nedwill,in the slot 1018 of TO)yal>lo 
p™,ection^1003, nu^ableprojeclion 1003 Is pushed In a retract nanne,. a latch' or 

ho^s Ure . ,e retracted^™, un., trtppered": 

^ To obtaln a sample of Wood, the door portion 1002a Is closed. As dScu^ 
above, a vacuun, is created and the s«„ holmes engorged with bleoT^^ 
^.opr^te penod ol time, the lance. 1016 is «»n triggered a™i deZa„*ll*, 

rnovlng through an opening in app,oxin«ely the middle of glucose detector 101 4 
or moving be^ the end o, the glucose detector 1014 corSainir^al^rto 

™ich. The lancet 1 01 6 then penetrates the s«n. and is quicl<lv r^attT^^ 
after the lancet 1016 is triggered and ^traced, as discuied aC^m!lt 
project,™ 1003 is triggered, causing the glucose detector 10,4 io Ltdla^t 
acro^ width 0. the blood co.e«ion device 1000, as sho™, by th^^^^Th'^ 
46^ ,„ ortenlocome into contact with the blood. This movement may be c2^' 
by the release 0, a latch. AHemalhrely. the gtuc^e detector ,014 maj S ^ 
.nae™,ma^.hrough the ^ o. a solenoid or other etectro^ecSd^ 
m one embodiment, the glucose detector 1014 maybe movedvia api^w 
proje^n 1003a, FIG. 46a In another embodlmen,. the glucose detecJTou 
rnay be moved via a tour-bar ynkage 1004, Fie. 46C. 
.,uJ^ proieciion4003 may also comprise an ^tension 1025 that 

extends lateralhf across thewidth of the Wood collection device 1000 When 
pre^w. extensioo 102S stops the lancet assemNy 1008 , mm e«e««ng*eyond 

^ »«o> Stan. The profeired lancing depth typically ranges from about 0.S 
ram to about 3 mm Into the skin. ""uuiu-o 

™„- J"'!,^^ *" ^ '«ra«ted, 

Z?so" '^'^ '^'^ ""*>^ moved, as discussed 

above, so that a w^tong portton (not shown) of glucose detector ,014 is above the 
openmg coated in .!» skin. Blood is then withd«w„. «Kler the ak. of The^^ 

""^^^ ' "Wch results in 
•teactn-aton ol the vacuumpump and the vacuum Is released by for examole an 

after a pre-sot time inlerval. The blood collection device 1000 may then be 
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removed from the iricBviduars sWn. Themafter. the 0^ 

generates a signal, as described above. Indicative of glucose level, vwhich signal is 
transmitted via electrical circuitry to the electronics housed In the blood eollecllon 
device 1000. The signal is processed by such electronics, In the manner described 
above, arid the results olrtalned irom the glucose detector 1014 can be displayed 
on a screen 1 020, typically a conventional Bquid crystal digital display. Other 
mariners of display may also be used. 

Upon completion of the measurjement, the door portion 1 op2a may be : 
opened and the glucose detecior 1014 and the lancet 1016 may be replaced. The 
lancet 1016 and the glucose detecior 1014 may be replaced immediately after use, 
immediately before use or may be replaced at any other time. 

In each etlhe eriibodimerits shovi^n In the foregoing FIGS. 5-10 and 43-46, 
the housing, vacuum purrip, lancing assembly, lancet assembly, battery, 

electronics, evacuation tube, check valve, nosepiece assembly, blood extraction 
chamber, lancet, and solenoid valve can be miade of the same materials as the 
corresponding components of the apparatus showrn irv FIGS. 1 , 2, and 3. The seals 
1 04, 207i 307, 407, 507, 607, 707, 807, 907, and 1 007 can be made of the same 
material as the seal of the nosepiece assembly. The components shpvwi In the 

foregoing FIGS. 5-1Q and 43-46 function in the same rhanrier a* do the 
corresponding components of the apparatus shpvw in FIGS. 1 , 2. and 3, 

FIG. 20 Illustrates a preferred installation of the lancing assembly shown in 
FIGS. 11 and 12 inside a prototype of an embodiment of the blood colleGlIng 
apparatus of this invention. The lancing assembly 1200, shown in its retracted pre- 
thmst position, has been fitted wHh a standard lancet assernbly 1202 and a three- 
way solenoid valve 1204. The cap 1206 of the lancing assembly 1200 is fitted into 
the partitipn1207 of the apparatus 1000, thereby forming an effective seal against 
the partition 1207. The apparatus 1 000 comprises a housing 1002* which 
comprises a door portion 1002a and a body portion 1002b. The exit port 1208 of 
the lancing assembly 1200 is connected to a vacuum pump 1210 by means of a 
passageway 1212, such as, for example, a connecting tube. The passageway 
1212 is also connected to a cavity 1213 inside the door portion 10D2a of the 
apparatus 1000. In this manner, the vacuum pump 1210 can deliver ari equal level 
of vacuum pressure to the cavity 1 213 and to the exit port 1 208. The vacuum 
pressure inside the cavity 1213 can be maintained at a level at which the 
apparatus 1000 operates, because the vacuum pump 1210 can draw evacuated 
air from the cavity 1213 at a rate faster than the rate at which ambient air leaks into 
the cavity 1 21 3 by way of the door seal 1 007, the seal placed against the skin of a 
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patient >0'0.andth9seal(orTOdbetweentheeap12(Wandltepartitio„ ,2O7 
O™. s^.^,. The bod, .Od2b<*«„ housing ,0D2 0, appj^ ^ 
a., having a p««u« le«l equal to the an*tant p»ssu,e su„ou™iihn 
appa«us. The level of p,ossu» Inside the bod, 1002b o,U» hous.^ ,oo2 does 
not '*^e*»«« operation of «» appa«aus because th^ 
housing 1002 contains a sufllcient nun*e, of openings (not stown) to 
communicate With the surmundng ambient air. Theai, l™idemeZ^,oo2K<. 
the housing 1002 can enter ttie bncing assembly ,200 .h«High fte i^, 1^1 
When the solenoid valve 1204 is aclhrated to begfc, the landnp steo TN.^ 
in air pressure between .ha amblenl ^r Inside the body « L ^^""^ 
and the evacuated alr Inside the cavity 12,3 tha^r ^'^^'^J 
bousing ,002 brings about the differentia, gas pressure nLed te^^*L 
lancing assembly. During me lancing s.ep. *8 thnisBng ™,ion of thTl^ 
assembly t202 fef««ed by a lance, stop , 216. The laL stop "ITS 
opening (no. shown) that allowsihe lancet ,2,8 to pass throiJh ^ T . 
s^nwhlch.^acedag^^^^^ea.,. 

lo used in a manner substansaiy k,e«««. to thaf^s^ 

5.,4 / '1°*^!'^ °' housings Shown Ih FIGS 

^,4^ to «HMed wlU»« substamw 

™^pcne«s ^ For 

^ This Im-entlon pcovktes numerous advantages dyer btood exUactSon 
devils 0, the pdo, art Among these advantages a«, tt» 

extras,™ Of b^'° ''"^ '"'^'^^ 

2. R^f^l el pain by sBmlnaSnB Oie need .o lance .he Jnoer 

heaunert compnsinB a combinauon Of strefching o, .he sWn In coniunouoo with 
hea. or vacuum or-boUi hea. and vacuum; conjunclon wiOi 

san^'^ in^paraus for exUacing .he btood 
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The following examples Illustrate vartogs fealures of the present Irwentlon 
but are not intended to in any way linMt the scope of the invention as set forth in the 
claims. In the following examples, the t^rm "pierce" and forms thereof and the term 
"puncture"" and forms thereof are used interchangeably. Although the term 
"glucose detector" Is used herein, one of or(finary sidll in the art will recognize that 
the apparatus ^d methods of the present Invention may also be used to perfoirm 
Other diagnostic tests- 

• ■ " • • • < 

EXAMPLES 
Example 1 

• • * » * • 

This exartiple illustrates that greater volumes of bloodcan be extracted and 
collected by applying a vacuum, pulsed or continuous, after piercing than can be 
extracted and collected when no vacuum is applied, No vacuum w^s applied prior 
topierdhg. 

Each of four people had his forearm (dorsal forearm) punctured four times 
(at four different positions on the forearm) v»ith a "BD ULTRA-FINE" lancet in a 
-MEDISENSE- lancet assembly (VIodel no. 9710>) at two different leyels of 
vacuum ( 2.5 psig and -5.0 psig) -and for each rfifferent vacuum pulsing frequencies 
(0, 0.2, 0.8, 3.2, 12.8, 25, 100 hertz). The wacuum was applied with a pipette tip 
having a diameter of 8 mm ("RAININ RT-200"). Four control runs without a vacuum 
were ateo carried out (one puncture per person). A total of 60 punchjres per 
person were earned ouL Accordingly, it can be seen that a total of 240 mns vwere 
carried out 

The vacuum was appned for a durafiori of 30 seconds after puncturing. 
Blood vras collected ifito qapill^<ry tubes. In the control runs, the samples were , 
extracted and collected 30 seconds after puncturing. The amount of blood 
collected was determined by measuring the length of blood in the tubes. The 
percentage of collections in which the volume of blood coilected exceeded 1.0 jiL 
was calculated. Sensation of pain was also recorded. The folbwing psin scores 
were used: 

Pain of 1 = person did not feel anything or not sure if anything vias felt 
Pan of 2 = person felt definite prick, not as painful as piercing of finger by 
standard finger lancet 
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Pain Of 3 = person felt definHe pain,' approximately equal to a plerdng of 
finger by standard finger lancet -y w 

• - 

« « 

Blood coHecllon results are set forth In TABUE I. 



TABLgi 



j Frequency 
(hertz) 


[Average 
1 volume of 

1 blood sample 
1 collected at 
;2.5pslg(HL) 1 


■ Percent of 
1 samples 
1 having > 1 ju. 
1 of blood 

collected at 
-2.5psiq 


1 o: .. ■ 

(Continuous) 


\ 1.6 


^9 '~ 


0.2 


1.1 1 


\< '44 ."^ 


0. 8 n 


1.1 "] 


! • . ■ 63 . ~\ 


3.2 1 


1.5 "I 


56 1 


1 12.8 I 


1.8 


75 1 


25 "1 


2.3 j 


. 75 "1 


100 1 


2.4 1 


81 



Average 
volume of 
blood sample 
collected at 
-5.0pslg(^L) 

3.1 



Percent of 
samples 
having > i yd. 
of blood 

collected at 
-5.0 psij 

94 



3.0 

3.8 
3.1 
3.2 
2.7 



75 
75 
100 

88 



* » ■ 

Whno vaaw-n/average TOlume of blood colteaed was 0.8 ML £»,d 31% o( the 
samples coHeOsd conlstaed nw« »«, i ^l. The pai„ ,es.tts were as follows 

• * * ■ . 

pain ofl = 81% 
painof 2 s 17% 
pain of 3= 2% 

The a^ mns vacuum) provided much lower volumes o( blood coleclKl 

^ZZ ^Zl '^'^^^O- ^"-^ vacuum r«u«ed In higher 
volumes o( blood oxlracted. The pain was minimal, with only 2% of the punctures 
'esu«m9 m pain comparable to that resu«ng from a pierdngof the fi^T 
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■ * * - * -. ■ ■. • 

Exampte 2 , . 

• ■ ■ ' • • 

This BXEwnple illustrates that application of vacuum prior to piercing as well 
as atter piercing results in a greater volume of blood extracted than does the. 
application of vacuum only after piercing. 

Each of four people had his forearm (dorsal forearm, middle of fbreanni) 
pur>ctured sixteen times (at sixteen dHferent positions on the forearm) vwith a "BD 
ULTRA-FINE" lancet in a modified "MEDISENSE" lancet assembly at four different 
levels of vacuum. The four levels of vacuum used were -2.5, -5.0, -7.5» and -1 0.0 
psig. The "MEDISENSE": lancet device was modified to allow vacuum to be piilled 
through the lancet assembly. Four punctures per person were canled out at eac*i 
of the four levels of corrtlnuous >«cuum. Accordingly, it can be seen that a total of 

64 runs were carried out 

Prior to puncturing, the vacuum was aF^>lied for a period of 30 seconds; 

subsequent to puncturing, the vacuum was appfied for a period of 30 seconds. Thp 
skin was under vacuum at the time the lancet was triggered. After the lancet was 
triggered, the lancet asseinbly was reimoved, and the vacuum was used t 

the same level of vacuum that had been used for the vacuum prior to puncturing, 
The vacuum, both prior to puncturing and subsequent to puncturing, was applied 
with a pipette tip having a diameter of 8 mm fRAININ RT-200''). The pipette tip of 
the vacuum device was held level to the plane of the skin. Blood was then 
collected Into capillary tubes. The amount of blood cojiected was determined by 
measuring the length of blood in the tubes. The percentage of collecabns in which 
the volume of blood collected exceeded 1 .0 ^U. was calculaled. Sensation of pain 
was also recorded. Blood collection resultis are set forth in TABLE II. 

TABLE II 



Vacuum level (psig) 



-2.5 

-5.0 
-7.5 



Average volume of blood 
sample collected (pL) 



4.6 
7.8 
9.2 



Percent of sampled 
ttaving > 1 ^ of blood 
collected . 



94 

100 

100 
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The pain results were as follows: 

pain of 1 =r 58% 

painof 2s31% 
pain of 3 =.11% 



■ • . ■ ■ • '. ■ • ■ " 

A^lne» ,^Mp tet«e«, level Of vacuum and «,.un« e. Wood eolleaed 
was obM^ed The average voluine of blood collecled with vaouu™ ^^LT! 
and afte, pierdng «as h*e «,a, coBeofed ll^Z,^^^^ 

^ P^e,d„, «..hoo. vacMum applied prtor ,o p^e,^.. sTn,7ZLT^ 
1 for ttB companion (7.8 pL v^ ai pL). The voSime of Wood colfecled 
always above 1 PL for a« levels of vacuum, except -2.5 pslB- 



Btamnlo <i 



™s example niuslrales lira! I«^ 
extracted than d06S,earac»ionv».b o„l),vacuun( after plerdng 

ULTRA-nNE lancet h a 'MEDISENSE' larKei assembly with heal app»ed (45 -o 
Prt~.o p^rcnfl for two <,lla,e«an« pedods. ,s second and 60^Sf Mot^ ' 

^"ZZ"^'^''' '"-^^""hoP-taa.ino duration w^^S 
seconds and 16 ntns Wham the pre-heattafl duration ««s 60 sea»Kfs 
. "°«»«sw«ed with a heatine block, which vvaa an alunsnum i^ 

ZJ^T T^'^'^''^*^*'^^^ vacuum 

^Stnt"""*""*"" '^"^ « *»'>^- BlJ-vas coined 
taleS^Jw^- ^ «^ -Saarmlned 1^ measuHng 

01 blood collected exceeded 1 .0 pL was calculated. Pain was also tracked h~»i 
colectton results are set forth in TABLE 111. was also tracked. Btood 



W09a!2436i5 



PCT/IJS97y22618 



72 



TABLE III 



Pre-pierdng heating 
duration (seconds) 

15 



Average volume of blood 
sarnpies collected (iiL) 

6.91 



Percent of samples 
having > 1jiL of blood 
collected _ 

94 



60 



11.6 



100 



The pain results were as iollows: 

. ' ■ " ■ ■ ■ ' ■ 

j»inof1«91% 
pain 612 = 9% 
pain of 3 = 0% 

The average volume of Wood collected using a pre-hoating duration of 15 seconds 
was riiore than tvvlce the average volume of blood collected at la post^purubtUrir>g . 
vacuum level of -^O psig., with no pre-heatjng. See the results of Example 1 foir 
this comparison (6.91 vs. 3.1 jiL). The average volume of bfodd collected using 
a pre-heating duration of 60 seconds was approximately four times the average 
volume of blood collected at a posl-puhcftiring vacuum level of ^5.0 pslg, virtth no 
pre-heating. See the results of Example 1 for this comparison (1 1.6 pL vs. 3.1 pi-). 

Example 4 ' . 

This example illustrates the effect thiat stretcWng the sWn upwardly 

vacuum has on the extraction of btobd; 

Each of four V)e6ple had; his forearm (dorsal forearm, midd 

punctured eight times (at eight different positions on the forearrn) vwth a 'BD 
ULTFtA-FINE" lancet in a "MEDISENSE" lancet assembly. Vacuum was applied for 
a period of 30 seconds prior to puncturing at -5.0 psig using two different vacuum 
fixtures. The first fixture vnas a 1 5 mm diameter vacuum fixture (i. e., a hollow 
cylindrical tube) used without a net strung across the opening of the tube. The 
second fixture was a 15 mm diameter yacuum fixturie (i. e., a hollow cylindrical 
tube) used with a net 5lrung across the opening of the tube. The net prevented skin 
irom being raised up into the vacuum fixture. The same vacuum fixture used prior 
to puncturing was applied ior a period ol 30 seconds after puncturing. The fixture 
was held level with the plane of the skin. Four punctures were carried out per 
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par^n per condition {without net. with net). Accordingly. It can be seen that a tot^ 
Of 32 runs were carried out. Blood was coBe«ed into ciliary tubes The amo^^ 
ot btood coHeCed was determined by .easunng the l^h^b Jln^he ^b" 
The percentase o* coltecfions ln Which the volume of blood collected exceedeTl n 
was calculated, sensation of pain was SIsp recorded Stood coltoo^H^' 
are set forth In TABLE IV. • •*^'°"/^suns 



Net across nosepiece 



No 
Yes 



TABLE IV 

Average volume of blood 
sample collected QiL) 

5.2 
0.6 



Percent of samples 

having > 1 jiL of biopd 
collected 

87 
19 



The p^n results were as follows: 



pain of 1 =. 94% . 

• * 

painof 2»6% . 
painpf3«o% 

■ • 

The magnitude of the dHterenca in volun» ol blood «,lleclod and success rales (i 

.r^nTnl^" '"combmauon wltba va«x.n, a„dtt,e condition o< no, s>r«c^i„o 
the sWn in combi„a.K», a racuum was unexpected: The pain scores we» iow 
^^^^"Tf^ ««,«..nbi„ation o. 
vacuum signllitawly increased the yolume of lilood extrach^ 



Exampto g 

voiurJoirr^^d""" ^ ""^ ~h Site has on the 

™.n«. Ws forearor, (dorsal forearm, middle ol loream.) 

punctured at 32 diftefem pos«ions on the forearm wHh a "BD ULTRA-FINE^L 
<n a ™difiad -MEDISENSr te„«, assembly. The "MEDISE J^a^ef a^blv 
had been mo«ied with a more powerful spring and a pod had been^ ^ 
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Vacuum was appyed for less than five seconds prior to puncturing. The 
forearm was punctured under a vacuum of either -5.0 psig or -7.5 psig. The 
vacuum applied v«s maintained for 30 seconds after puncturirig. The diameter of 
the pipette iSp used to apply vacuum after puncturing was varied, witii diameters of 
4, e^S, arid 10 mm being used. Four punctures per condition (diameterv vacuum 
level) were carried out per person/ Accordingly, it can be seen that a total of 128 
mns were carried out. Blood viras collected into capillary tubes. The amount of 
b\oo6 collecled was determined by measuring the length of blood in tho tubes. The 
percentage pf coltecllons in wWch the volume of blood collected exceeded 1 .0 
was calculated. Sensation of pain was also recorded. Blood collection results are 
set forth In TABLE VA and VS. 

. ■ . . ■ 

TABLE VA 



■ 

f 


vacuum level = -5.0 psig 

' . * • 


• 


Vacuum diameter (mm) 

* • 


Average volume of blood 
sample collected (^t) 


Percent of samples 
having > i pL of blood 
collected 


■■ •■ .' 4 


0.3 


0 


6 


1.7 


69 


8 


3.4 


94 


10 


4.1 


100 



TABLE VB 



vacuum level = -7.5 psig 



Vacuum diameter (mm) 



Average volume of blood 
sample collected (|iL) 



Percent of samples 
having > 1 |iL of blood 
collected 
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The pain results were as follows: 

pain of 1 = 89% 

painof2a10% 
pair)of3si% 



The volume of blood colteded and success rales (le percent of .n,r, . u 
1 ML of blood collected) were found to vary directly Jt^^"^^^^^ '^^^"^ 
|mo the device by the vacuum. A much g^er vo,::- l^Z Ir!? ' 

the larger diameter pipette tip than Into the sma«er diameter p^reT^^' 



Exampin fi 



This example Illustrates that a plastic multiple oolnt tanrp* k2 I. ' 
heat and vacuum to collect a useful amount of bkxl^. ^ "'^ 

Each of four people had his forearm (dorsal forearm middte nf w . 
punctured sixteen times (at sixteen diffe Jposit^rsriC^ S^T^ 
Derma PIK® System for allergy testing (Gree^La^rrri^ j^^^^^^ 
Carolina 28645) modified.to fit Into a -MEDISENSE-Tnr^' ! ' ^ 
was carried out at appmximateiy 40 °cTnd 45 ^^^^^^^^ 

^^1^ * W>"«. compiler using a T.type the^ocoyple and Ite 
oppoatB facB. in contact with the laraarbasBol a in,>*m.^ ""J to. 

The fcuga, baae ». tte (nistum had a c^^<^ oTto t T^^^ 
V«as0.50in Thesmaiiorh««.„..K 7^ The height of the (njstuni 

sn»ll=, hi ''«^'"^"»» Of thelruMum (ad a diameter of ass in The 
base had a cyHndHca. opening having a diameter of 0.125 in The 

iwiuit?u uy a pipette tip having a d ameter nf r mm xk^ • . 

level With the plane of the skin Rir^ ^'^"^ *'P ^ 

o oi ine sKinj Blood was coUected into caniii^rv tnKrv^ t*. 



wo 98^24366 



PCTAJS97/22618 



76 



exceeded 1 .0 \iL was calculated. Sensatio 
coHeOion results are set forth In TABLE VI. 



L Blood 



TABLE VI 



Ternperature (°C)/Time 
(seconds) . . 


Average volume of blood 
sample collected (jiL) 

• ■ 

: - . - 


Percerit of samples i 
haying > 1 (\iL) of Wood 
collected 


■ . . 40/15 


2.4 


31 


40/60 


2.6 


50 ^ 


45/15 


2.3 


56' . ■ 


45/60 


5.2 


81 



The pain results were as follows: 

pain of 1 = 100% 
pain of 2 = 0% 
pain of 3 = 0% 

This example demonstrates lhal a blood dxlractton process employing a multi-point 
plastic lancet, pre^pierdhg heating* skin stretching, and posl-pierdng vacuum caii 
extract at least 1 jiL of blood at least 50 % of the time. 

• • • * 

Fxamole 7 

A prototype of the laricing assembly of this inverftipn tested in vHrp 
for kinematic perforrnance/using a -BD ULTRA^FINE^ 
solenoid valve supplied by the Li&e Co. Model No. LHPA051 1 11 1 H. Design 
parameters of the prototype are listed betow. The definitions of these 
parameters were previously set forth. 



A 

M 
S 
Xp 

Ks 

Xs 



30.7 mm2 {diameter = 6.25 mm) 
1.2 grams. 
10 mm 
r^a . 
19.5 N/m 
; B.7 mm 
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Cv 


= 0.015 


Otv 


= 0.7 msec 


Vc 


= 0.01 ce 


Vv 


= 5cc 


Pa 


= 14.7psia(=0pslg) 


Pv 


= 6,7 psia {= -8.0 psig) 


Ta 


= 25'»C 


R 


"0.13N-0.1&N 



TNs corrtguration resufted In good land^ 

subjects. The measured lancet speed at the end of the stroke " 

• • • ' « . 

Exampfo fl 

m . ' ' * ♦ • 

were pl^f""""^ """P^-^ »o«owhg>ye«. ,,om ,bp to lx«.^ 

(1) meterrcontactabJe layer 

(2) detecting layer 

(3) overcoat layer 

(4) bldoct'transporting layer 

(5) covering layer 

. 

The arransetrart 01 .he te^rera is shcmn schema*^ 

However u« overart layer is subslaniially coplana, with U» blood-transponinp 
Ja^r as^ i„ HQ. 28. Tte n««er.»Mac.able layer n 14 was abo^S^ 
^tTsZT'"^ The ™eto.c»«ac«* layer was ™a* .rom po^ny, 
A 15 mm dameler opening was punched in ihe mete,Hx,Dtactabte ta^r 
The d«Ming layer 1110 was screen printed on ««erM»«acU*le layer 

open^ in m raeierH=ontac.able layer was placed a layer of n»st., 
whKh s«ved as the l*>od-tra„spo,.i„9 layer IIOB. The mesh wjthe mer 
P-™«hr K^ HC. The detecting ^yerl no was ti^^l 

«e««,9 layer descn-bed in U. S Patent No. 5.682.ea4. The overcoat^ 1123 
;^sc,een panted aU.« the petiphery „, u,e layer of mesh. The coJ^^T 

^ ? ™" ^ ^ -eler-oomacTj 

eiW'^ contaas mpaof the detecting layer 1,10 wouW ,« 

exposed The covenng layer was made from polyesle,. A 2.5 mm by 3.7 mm oval 
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opening In the covering layer was punched prior to assenibly of the multiple-layer 

element. ^ • r-i^o 

The muKipIe-layer element was placed iri the apparatus as shown in FIGS. 

29A, 29B, 29C. and 29D. A vacuum of -7.5 psig was appBed. The apparatus was 
placed in'contact with the forearm of a volunteer who was diabetic. See F 

The sWn of the forearm was stretched and it raised up Into the nosepiece. Where it 
came near to or into contact with the covering layer 1 1 02 of the multiple-layer 

element See FIG. 29B. After the vacuum had been applied for five seconds, the 
lancet was fired Into the skin by means of a spring-powered lancet assembly. The 
lancet passed through the opening.1115 In the meter-contaclable layer 1114 arid 
the opening 1104 in the covering layer 1102. See FIG. 29C. The lancet was . 
retracted and blood began to emerge from the forearm of the diabetic volunteer. 
The vacuum aided In the extraction of Wood until the blood reached the layer of 
mesh 1108 SeoFIG.29D. The blood was then transported along the mesh until it 
reached the detecting layer 1110 of the mulUple-layer element. When the blood 
reached the detecting layer of the multiple-layer element, an electrical current was 
generated- This current was used to determine vi^hen to release the vacuum. The 
electrical currerit was also an indication of the level of glucose in the Wood of the 

volunteer. . 

Seven diabetic volunteers were tested as described in the previous 

paragraph. The time required for the multiple.layer.eleaient to fill after t^^^ 
operation was recorded. The muWple-layer element was considered to be filled 
when a current of 1.5 MA was generated The vacuum was then released and the 

current was recorded for 20 seconds. During the last five seconds of the 20 second 
measurement period, the current was integrated. The integrated current (I. e.. 

charge) was recorded. The lancing procedure and data collection were repeated 
four times per vohinleer. All 28 landrig procedures resulted In blood filling the 
multiple-layer elernent in less than 40 seconds. The average time required to fill 
the multiple-layer element was? seconds. FIG. 30 shovirs the average charge of 
the tour trials as a funcliqn of the level of glucose in the blood of each volunteer. 
The level of glucose viras determined by withdravwng blood from a finger and 
measuring the level of glucose on a YSI 2300 Glucose analyzer. The charge 
increased lineariy with the level of glucose in the blood of the volur>teer. The 
volunteers were asked to rate the pain of the forearm lancet. The pain of the 
forearm lancet was found to be lower than the pain of the finger lancet, as shown m 

FIG. 31. 
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Exampta 9 

Muftiple-layer elements comprising the following layers, from top to bottom 
were prepared: F^wugm, 

. • ■ . 

(1) meter-contactabfe layer 

(2) detecting layer 

(3) overcoat layer, 

(4) blood-transporting Jayer ' 

(5) covering iayiBr 

■ ' ■ . ' * 

The arrangemert of the layers is shovvn schematically m FlG&21Aand21B 
However, the overcoat layer is sul>stantially coplanar with the blood-transporting 
layer as shown in FIG. 28. The meter-contactable layer 1 1 14 was about 5 5 rrim 
wide and about 40 mm long. The meter-contactable layer was made from' 
polyester. A 2.0 mm diameter opening was punched in the meter.contaclable 
feiyer. The detecting layer 1 110 was screen printed on the meter-contactable layer 
Across the opening in the meter:contactable layer was placed a layer 0/^0^ 
wh«.h sensed astheblood-transportihg layer 1108. The mesh was the mesh 
^v.ously identined as NY151 HC. A section of the mesh (1.5 mm In diameter) 
^ punched out by means of a hole punch. See FIG. 25. The detecUng layer ■ 
1110 was the type of detecting layer described In U. S. Patent No. 5.682 884 The 
overcoat tayer 1 123 was screen printed about the periphery of the hiyer 0I mesh 
The covenng layer 1 1 02 was about 5.5 mm wide and somewhat shorter than the 
uT"^"^"^^ that the electrical contacts 11 lOa of the detecting layer 

1^1 . ^^^.^P^^^'S^"^''^ «>Vering^^»^^^^ was punched prior to assembly of the 
multiple-layer element. . 

29. J^^'"""*^' *'^"' I" WaraiMS as shown in FIGS. 

m29B. 29C. and 29D. A ysfuum ol -7.5 psig was appted: The apparafcis was 
P^.noontaolw,h,heto«a,mo.a »olMn,»r. SeeFlG. 29>. The Lof thT 
o^amrwas sl«chad and Hxafeed up into the nosepiece. whe,a it came near to or 
5b T .r l^y" o< «.e n.u«iple.,ayer element. SeT^G 

n TlZ ^ !" ""^ ^ FIGS. 11 . 

12. 13, and 14. The lancet passed Ihiough the opening 1 116 in the meter- 

contactaWe laye, 1114 and the opening 1104 in the coVenng layer 1102 See FIG 
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29C The lancet was retraced and blood began to emerge from the to^^^ 
volunteer. The Vacuum aided In the exlracllon of blood until the blood reached the 
mesh 1108. See Fia 29D. The blood was then tcanisported along the mesh until it 
reached the detecting layer 1110 of the multiple-layer element When the blood 
reached the detecting layer of the multiple-layer element, an electrical current was 

generated. This current was used to determine when to release the yaCuum. 

Eight volunteers were tested as described in the previous paragraph. The 

time required for the multiple-layer element to fill after the lancing operation was 
recorded. The multiple-layer element was considered to be filled when a current of 
1 5 iiA was generated. The vacuum was then released and the integrated current 
was recorded. The lancing procedure and data collection were repeated four times 
per volunteer. Blood filled the multiple-layer element In less than 40 seconds for 
97% of the tests. Thaaverage time required to fill the multiple-layer element was 
15,9 seconds. ; 

■ ■■ • ■ . ■ ■ . 

pxampile 10 

*' " *.*■ 

■ " - » • 

MuRiplB-layer elements comprising the following layers, from top to bottom, 
were prepared: 

(1) meter-contactable layer 

(2) detecting layer 

(3) overcoial layer 

(4) blood-trarisponing layer 

(5) iravering layer 

• - * - • . 

■ 

The arrangement of the l^ers Is shown schematicsEUly in FIGS. 21A and 21B. 
However, tha overcoat layer is substantially coplanar with the blood-transporting 
layer as shown in FIG. 28. The meter-contactable layer 1 1 14 was about 5.5 mm 
wide and about 40 mm long. The meter-contactabte layer was made from 
polyester. Two types of meter-contactable layers were prepared. In the first type, 
one opening was punched in the meter-contactable layer. This openiiig had a 
diameter of ^0 mm. No mesh was placed aaoss this opening. SeeRG. 26B. In 
the second type, two openings were punched in the meter-contactable layer. One 
opening had a diameter of 2.0 mm. The other opening had a diameter of 1 .5 mm. 
The second opening was located 2 mm from the first opening. See FIG. 26A. The 

detecting layer 1 1 1 0 was screen printed on the meter-contactable layer. Across 
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tte 1^5 ™„ eponing in the meter-<»rtact^ 

whK* s««d « the blood-tra,«portl„9 layer 11 db. The mesh was «.6 " 
W/.identi.W a. NY151 HC. The detecting b,e, ,110^J^^^ 
detecng iayer <ies«ibed in U. S. Palert No. 5,682,884. The ^^^usd 
^^sceen prtmed abo« ,he periphe^ bl thelayer of mesh. The J^^^f 
102w«^about 5.5 nm wide and somewhat shorter than the nieter^oSb 
layer » th«the electrtca. contacte 1 lite of the deteoing layer 11 10^^ 
exposed. UK. covering layer was made Irorapolyesler AaSmmh^T^ 
o^-. in the oovenng ^r was punched p^rl asse^^^^ 

29A. 29B. ^. and 29D. A vacuum of -7.5 psig was applied. The apparatus ^ 
placed In coMac, witt, the forearm of a«,lunleer. See RG. 29A TheSllT 
loream, was stmtched and it raised up into .he nosepiece where 
wo c^act withth. covedng ^yer tloa of the muM^-yrTZlTs^^ " 
29ft Atter the vacuum had been applied for five seconds, the lancet w^^,eat.« 

asssmblyvrasiheasisemblyrshoWnini=IGS.16and17 . ' 

_ The lancet passed through the 2.0 mm opening i lie in the raeier-- 
»ma^ ta,»r1ii4andthe openi,«1104i„theWing iayerUte See FiG 

ZTT "^S- As ffiickly as possllMe, the mulSple^layer element was 
^approximately 2 mm in the direction away fromthe eljncal con^^ 
M» of movementis more m, described In the discussioo of FIGS, ^h^h 
Z:J^ "OT^ " "«"«'*-<ayer etemen. caused the site of*e oZI i. 
Tfem^ "'^ ^ ' '08 Of the mult**.^ ^ 

«^ sTofl ■™*'-<»«*^ '«»-'^"9 «•» INS was 

m«^o^the ope„ng 1122 that was 1.5 mm in diafneler. The vacuum aided In the 

extraOK-notbloodurtnihebloodreachedthemeshllOB. The Wood was then 

tver etement, an elecuical current was generated. This current was used to 
rtetermlne when to release the vacuum. Bra was used to 

^agraph. Each vclunleer was Jested wnbeach type of multiple-layer element 

Z "ZZ'T TT-'^"' ^nc'g opeZ 

was recorded. The muMe-bye, element was considered to be filled when a 
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currentol 1.5 jiA was generated, the vacuum was then released. The lancing 
procedure and data collection were repealed eight times per volunteer per 
element. Blood filled the multiple-layer elemerrt having one opening in the meter- . 
cortaclable layer In less than 40 seconds tor 95% of tte Bipod filled the 
rhultiple-layer element having two openings In the meter-contaetable layer In less 
than 40 seconds for 96% of the tests. The average time required tp fiB the multiple- 
layer element; haying two openings in the meter-contacAable layer was 14 seconds. 
The average tinie required to fill the multipte-layer elenrent having one opening in 
the meter-contaclable layer vifas 11 seconds. 

■ 

. Exampla 11 ^ 

• ' • . . . 

This example illustrates the effect of the size and the shape of the nosepiece 
upon the volume of Wood extracted. 

Each of 21 volunteers was tested thirty tiines in the dorsal forearm by a 
modified MediSense landng assembly employiiig a "BD ULTRA-FINE" lancet 
(Bccton-DlcWnson). The MediSense landng assemb^ had been riiodified witfi a. 
port to allow a vaojum to effect suction through the landng assembly. TJie 
nosepieces tested in this example were screwed onto the body of a VtediSense 
landng assembly in place of the conventipnal nosepiece. Vacuum {-7.5 pslg) was 
applied for 10 seconds prior to landng. After landng, blood was coilected for 30 
seconds at -7.5 pslg. The same nosepiece that vras used prior to lanclrig was tJsed 
for blood collection. The openings formed In the sWn liad a depth of 1 .6 mm). 

Fifteen different nosepiece assemblies were evaluated. These assemblies 
are shown in FIG; 33. The diameter of the opening in the lower base of the 
nosepiece (see line "ef In FIG. 32) varied from 9.53 to 19.05mm. The tyameter of 
the opening inttie toWer ikse ot the nosepiece^fpr nosepiece assemblies 1, 2, and 
3 was 9.53 mm. The diameter Of the opening |n the lower base of the nosepiece for 
nosepiece assemblies 4, 5, 6, and 7 was 12.70 rnm. li\e diameter of the opening 
in the lower base of the nosepiece for nosefMece assemblies 8, 9, 10, and 11 was 
1 5.88 mm. The diameter of the opening In the lower base of the nosepiece for 
nosepiece assemblies 12. 13, 14, and 15 was 19.05 mm. The rim-to-seal 
distances for the nosepieces (see iina '•bg" In fig: 32) varied 
mm. The rim-to-seal distance for nosepieces 1 , 4, 8, and 1 2 was 1 .6 mm. The rim- 
to-seal distance for nosepieces 2, 5, 9, and 1 3 was 3,0 mm. The rim-to-seal 
distance for nosepieces 3, 6, 10, and 14 was 4.5 mm. The rim-to-seal distance for 
nosepieces 7^11, and 1 5 was 6.0 mm. 
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♦Kvu in F'G. 33 had seals made from Buna N ruWber The 

thickness of the seals (see line "eh" In FIG. 32) was 1 .6 mm and the vvldth of the 
s^Bngsurfac*(see:«ne^ 

Two tests were conducted per noseplece assembly per volunteer Blood 
was collected Into capillary tubes. The amount of blood collecled was determined 
frr? *' ^'^^^ t^^^'-fed into the tube. The average Jount 

of blood collecled for each of the fifteen assembfies and the porcentage of ^ 
collections in which the amount of blood exceeded 1.0 pL was calculated The 
results are set forth in TABLE VII. "'•aieo. i ne 

TABLE VII 



Nosepiece number 



14 



15 



Average volume of blood 
collected (^L) 

1 • 3.07 
1 •■■ 4.96 


1 Percentage having > i 
1 ^iL of blood collbcted 


95 

1 1 00 


1 7.07 


1 is"" ■ ' ■■ 


^ 2.96 


. . . 95 -. 


6.24 


L • . 100 ' • . 


13.22 


. • • top 


16.16 


' •■ • 95 . ; . 


3~I3 


83 


4.26 


86 


8.26 


98 


9.4S 


• 98 


2.94 


76 


3.42 


86 


5.09 1 


98 


9.80 


100 



I^L^r« ^ P^'centaga of collectloris exceeding 1 pL 

were both affected by the diameter of the opening in the lower base of the 
nosepiece and the rIm-to-seal distance of the nosepiece. Urge increases in the 
volume of blood collected were seen with nosepiece assemblies 6 and 7 
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Pyample 12 

■ * 

- . ■ • . ■■ ' * . ■: ■ - . ' 

■ " '■ " . . ' • . " * . ... 

This exarnple IIIMstratBS the effert Of taperinQ^^^^^ 

noseplece upon the time to draw tAoo6 from a person. 

Gluawe detectors in the form of muWpte-layer elemems a>^ 

following layers, from top to bottom, were prepared: 

- . ■ 

(1) meter-contaclable layer 

(2) detecting layer 

(3) overcoat layer ^ i: 

(4) blood-transporting layer 

(5) covering layer 

• - . 

The arrangement of the layers is shown schematically in FIGS. 21 A and 21 B. 
However, the overcoat layer is substaiitiaJly coplanar with, the blood-transporting 

layer as shown in RG. 28. 

The use of a nosepiece with a detector is shown In FIGS. 34A,; 34Bi ^ 

and 34P. The detector 1302 was placed below the lancing assembly 1304 with the 
openings in the deteclor aligned with the lancet 1 306. The detector 1 302 was 
placed between a lancet stop 1 308 thai contained an opening 1 309 (shown in 
phantom) and a nosepiece assembly 1310. The; npsepleee asseiitoly ihcluded a 
noseplece 131 1 arid a seal 1312 that contacted the sWn "S". The tendhg 
assembly 1304 prior to the application of vacuum is shown in FIG. 34A. The 
nosepiece assembly was placed against the forearm of a volunteer. After 
appHcation Of vacuum (-7.5 psig), the skin was stretched up near to or Into contact 
with the detector as shown in Fia 348. Tho vacuum was appM for a sufficient 
amount of time (5 seconds) to cause the blobd in the skin inside the nosepiece to 
pool. The lancet was then fired through the opehtrigs in the lancet stop and the 
detectori as shown in FIG. 34C. The lancet penetrated the skin. The lancet was 
then. retracted as shown in Fia 34D. The blood emerged from the opening formed 
in the skin, assisted by the vacuum and the stretching of the skin. The vacuum 
aided In the exlracOon of bk)od until the blood reached the btopd-transporting 

layer. The blood "B" was then transported atong the blood-transporting layer until it 
reached the deteding layer of the multiple-layer element. When the blood reached 
the detecting layer of the multiple-layer element, an electrical currert was 
generated. This currert was used to determine when to release the vacuum, and 



85 



the skin came away from the noseplece. The detector could then be used to 
analyze the bipod for an analyte such as glucose. ^ 

tt^ould be noted that the lancpl stop optional. Thadetector Itself can be 
used to stop the lancet. If the detector fe used to 9top the lancet the thickness of 
^ed.teclor Is Important, because It will determine the depth of penetration of the 

^ The type of mulUple^layer element used In this example had one openino in 
the meter-contactable layer, as shewn in FIGS. 2tA and 21^^ 

^ Rve varieties of nosepieces were used In this example. These nosepieces 
are Shown .n cross-sectlon in Fia 35. The nosepieces varied in the areas of the 
of^nmg ,n the upper base, arid the distance from the lower base at which tapering 
of the .ntenor wall began. The diameters "d" of the openings In the upper b^e for 
each nosepiece was as follows: 




The nm-to-sea distance (see fine "bg- in FIG. 32). 4.5 mm. and the diameter of the 
opemng m Ihe ^tower base of the nosepiece (see tine "ef in FIG. 32). 12.7 mm. w^ 
!r "^^^ nosepieces. The nosepiece assemblies shown in FIG. 36 had 
seals made from Buna N rtibber, 4GA durortpter hardness, the thickness of the 

S^r^'^fK^.^ "^-^ ^ and the width Of the sealing surface 

(see line "hj" in RG. 32) was 3.1 mm 

.Eight volunteers were tested as described above. Each volunteer was 
tested 10 times wrth nosepiece A and four times with each of the remaininq 
nosepieces, B. C. D. and E in FIG. 35. The time required for the multiple-layer 
element to fill was recorded. The elemem was considered filled when a current of 
1 .5 microamperes (jiA) was generated by the elemem. The vacuum was then 
released. The average time required to reach 1.5 pA for each nosepiece was 
calculated and is shown in FIG. 36. The smaller the diameter of the opening in the 
upper base, the less time was required to fill the detector 
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FxamDle13 

• • • . • 

This example illuslrates the effect oi tapering the interior wall of the 
nosepiece upon the .time to draw blood and the success of drawing blood irom 9 
volunteer from whom drawing blood was typically difficult. 

The experiment was oohducted as described in Example 1 2 with the 
following exceptions. Only nosep«eces haying the configurations of nosepieces A 
and B were used in the example. The diameter of the Qperong in the upper base 
on nosepiece B was four millimeters instead of the three millimeter opening used in 
Example 12.. The volunteer was tested 10 times udng nosepiece A the voluriteer 
was also tested 10 times writh nosepiece B. The average time required to fill the 
miilUple-Iayer element was ralculated for elements that filled in 40 seconds or less 
and is shown in FIG. 37. The {percentage of multiple-layer elements that filled in 40 
seconds or less was (alculaled and is shown in FIG. 38. 

The nosepiece having the ppenirig in the upper base hairing a diam^er of 
less than the diameter of the opening in the lower base^ nosepiece B, filled In less 
than half the time retjuired by a nosepiece where the diameter of the opening in the 
upper b^se was equal to the diameter of the opening in the lower base, nosepiece 
A. The percentage of multipl^layer elements that were filled in under 40 seconds 
was significantly improved for nosepiece B, as compared with riosejrfece A. 

.. . • • ' - 

Fxainpie 14 

■ • ■ . 

■ ■ - ■ . 

TWs example illustrates the effect of the shape of the opening in the upper 
base upon the time required to draw blp<xi . 

Glucose detectors Iri the form of muttiplehlayer elements comprising 

the loliowing layers, from top to bottom, were prepared: 

- • 

(t) meter-contactable layer 

(2) delecting layer 

(3) overcoat layer 

(4) blood-transporting layer 

(5) covering layer 
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The arrangement 61 the layers Is shown schemaUcaBy in FIGS. 21 a and 218 
However the overcoat layer fs substamialiy copiahar with the bloodTans^k^ 
byer as shown In FIG. 2a ; "««»-Kansponii)g 

and 34D. Tt* ^ 1302 was placed bal™ me bndng „ 
openings », the detector aligned WW, the lancet 1306. The Sm.^TIT^ 
Placed beh^en alance, stop 1308 that contained ^ o^Trt^" 
W and a nose^ece assen*|, ,310. The r^^^^" \ 

mended a no^ece ,311 am. a seal ,3,2 te co«^ ,He ^S^^^^^^ 
bnang as«n.lSy , 304 prtor to the app«ca.k», p* vacuo,* 

appbcat.on of vaoium (-7.5 psig). Uie sWn was stitched Ob hea, m ^J^, ^ 
* "» as Shown in Fia. 34B. The vac:^';^ Ja^„"^ 

amoum o,«„« ,5 se»nds) to oa.se the bbod Inthe skin itlTt^el^o 

pool The -a»=e,„as men fl««,«.,ou8h the openings In the lancTsto^'S 
detector, as shown n Fiat <iAn tu^ '"^ 



then retracted, as shown In FIG 34n Th«hinJ ^" "'^'^was 



the disousston of FIGS 46A throuoh 4er Thl ■ ™ """^ 
wood unui the «ood ^rjirCti^ZTf^^ ^^^J^" "l" 



.-poned a^n;Z'Zr^rsS^?r^.ire* 

reached the detectinri lAvor #>i 
totSll" t'""'" """^^ waegenewed. This c^rm 

n-^^dete*..,.^^^^^^^ 



lostopieT^ rrr.*"-^"*^ 

det^oTl! n^' " the thickness o,tt,e 

*<««o,ls»npom«t.,»cause»v^,ldel^^^^^^ 

Ih. °' "'^'^^ element used in this example had h™ openinos in 

the meter-contactatjle layer, as shown In Fla 26A. " openings in 

A pneumalk! landng assembly was used to lire the lanroi -d,. 
lancing assembly was ihe t»no ^ k!. ■ ■ ■ ™ The pneumatfc 

u -isBmoiif was the type o, lancing assembly described in FIGS ,6 and 17 
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Five variations of riosepiece assemblies were used in this example. They 
are shown In top view and cross section in FIG. 39: The hpsepieces \^ried in the 
depth of the rim (see line "ab" in FIG. 3^) and the shape of the opening In the upper 
base. The rim-to-seal distance plus the depth otthe rim» 4.0 mm, (see Bne "bg" plus 
lirie "ab" in RG. 32) artd[ th^ diameter of the opening in the lower base of the 
nosepiete, 12,7 mm, {see fine "ef in FIG. 32) was the same for aH five nosepieces. 

Eight volunteers were . tested on the dorsal forearrn as described above. 
Each volunteer was tested four times with each of the five nosepieces, for a tbtal of 
20 tests per volunteer. The time for the d^iectCMr to fill after landng v«is recorded. 
The deliertor. was considered filled when a current of t,$ pA was generated. The 
vacuum was then released. The average tirne .required to rb^ch a current of t,.5iiA 
for the fnre Jiosepieces was c£dculated . arid is shown In TABLE VHI- 



TAPLE yil l 



Nbsepjece 

* • 


Depth of rim (mm) 


^hape of opening 
in -upper l3a^ 


Average time to 
reach 1 *5 uA (§ec) 


• A - . 


0.38 


. . Circle. 


7.6 


. B 


0.76 


. Circle 


11.6 


■ 'C. 


• • • 

0 76 


^Circle 


1 3.5 


D 


0.76 


Oval 


8.6 


. -E ■ 


1.3 


Oval 


12^6 



The nosepieces as shown in FIG. 3i9 had seals made from Buna N rubber, 40A 
durometer The thickness of the seal (see line "eh' in FIG. 32) was 1 .6 mm and the 
width of the sealing surface (see Bne "hj" in FIG; 32) was 3.1 mm. 

For a given dpieriinig shape, the nosepieces having rims oMower depth 
required less time to fill the detector than did those nosepieces having rims of . 
greater depth. For a given depth of ririi, the noisepieces having oval rim openings 
required Jess time to fill the detector than did nosepieces having drcular rim 
openings. 

Example 15 

This example illustrales the effect of different sealing materials upon the 
ability to form a good vacuum seal to a hairy arm. 
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Seals ««e punched dul torn sheets or ditlerem seaMng malertals. Tte 
«ght »«ter«ls used a.e listed li,TABLE IX. The seals, which were draJar in 
shape, had a seaUng surface width (see lir» -hj- in f^Q. 32) of 3.1 mm Each seel 
««s then udbed in a nosepteco, as shown In Fia 32. TM seals were attached to 
the lo*sr base ot the nosepiece by means of an adhesive. The disto«»f,om «I 
nn. to bwer base Of nose^ pdorto attadrmenl of the seal 

After the attachrnent of the seal, the rtnvlo-seal distance of the 
vanable Aie to the diflererKes In the thldoiess of the seil ^ . 

^ ^ A vacuum pon was attached to the riosepiece to allow a vacuum source io 
effect suaK« through the nose^ece. An air flow meter (Alica. SdenTb^^n 
Ar^ona. Model #PVM200SCCM.t>s-A) was attached iLeen 
and tte nosepfece. The nosepiece was attached to a holder, the co^n«» 
w«9ht^ol the nosepiece and holder was 230 grams; A male v^^^^ 
™re ha,, on his dorsal foream, than did the average male populaiion was cZen 
The v«unteerplac»d his arm ag^nst theseal of U.e noseplL'so as^o^^^" 
full weigh, of the nosepiece and hpldor against the arm. The purpose of ' 
^S^^I T" "^"*^ a oonstan. pressure. A vacuum of -8 pslg was applied 
™» awty of the seal to seal «, U.e s«n was measurad by the of ai' teSnfl 

Wo«^^n.seple» as measured by «,a air Itow meter in the units of standard t2 
»wn,ete,s per mrnute (SCGM). The measu^mert was repeated at a tot^l aT 
tocal»„s on the volunteer's foream, lor each of the seat types. TheaveTai 

rate at the twenty foream. sites for each of the seal materials is sLn in 

40 ScZIlT^^."^ ""'""^ average leakage rale to below 

^CM on the volunteer. The leakage rate is impodant because the si» of the 
Z^J^^"^ p^oporto^^^, ^ ^ in adcaion, a 
h«rfeste9e rate wHI result m impmved battery Me. A smallA«cuum pump can be 

^^'S^ '"^ '^'^ obtained altow acmme.<ially : 

avarlate minaium vacuum pump, such as thai avaNable from T-Sq^ 

de;!^^.",;!^'"'^' '^^^ ^ ""^"^ P^rt T2-03.oa.od4, to 

be used wrth the apparatus. The low leakage rales obtained With the seal 

skin 10 achieve ageod seal are not needed, aher methods to attach tte 

^" *™ ^ ™«"'" not preleiTsd. An adhesive Is not 

^efened be^se it win make the nosepiece assembly difli6.lt to remove andr 
oan cause p»„ to the user whenthe seal is removed. Grease is not preferred 
because * wi» leave a resMue aflerlhe lest is complele ' fe'erred 
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• ' * ■ . . ' » 

lABLEJX 



1 Seal ho. 1 


Material 1 


Manufacturer / Supplier | 

* * ■ 


T;hickness 1 
(mm) 1 


1 ^ 


siTicone rubber, 1 
5dA duroiinetBr 1 

I 

" ■ 


McMaster darr, #8632K9isi ] 

* 1 


1.6 




neoprepe/SBR/EP 1 

i nM Hlonrl fnnm 1 

LilVI UiCrllU IUCllii- 1 


Jessup Mfg. 

■ 1 

I ... - ■ • - . • • * 1 


3.2 


1 


stuconB riuuDi^i 


'"" ' * ' ■ 1 

iinKcnrkUtffi 1 

MlirVIIV.WII • I 


1 16 1 


\ 16 ••■ 


nebprene, 5-TOA 

1 ' * ' • . • . " • 


1 McMaster Carr, #8639K51 2 1 

1 - - *. - ** ' 1 


1.6 




Buna-N aibb6r» 
40A durdmeter 


McMaster Carr,#86715K102 1 

K * • 

1 * * 1 

1 < ' * - ' ■ . J 


1.6 1 


32 


ichlorihated 
1 polylsoprene 

■ * * 


1 Ashland Rubber, #90-5271 


1.9 


1 35 


Inepprene 


1 Pres-On Corp., #p-81 00 


1 ^'^ 1 


1 


1 rubber 


Standard Rubber Oprripany, 
#4119N/SCE-41 


1 ^'^ 1 



Exarnole 16 

- . . • - ■ ■ 

This example lllu^rates the elfect of dHfeirem sealing materials upon the 
amount of blood extraclec* from a person. 

Each of four volunteers was tested 32 times In the dorsal forearm by a 
modified MediSense lancing assembly employing a '^BD ULTRA-FINE* lancet. Ihe 
MediSense lancing assembly had been modified with a port to allow a vacuum to 
effect suction through the landng assembly. The nosepeces tested in this 
example were screwed onto the l»dy of a MediSerise lancing assembly In place of 
the conventional hoseplece. Vacuum (-7.5 psig) was applied for five seconds prior 
to landng. Blood was collected after landng for 30 seconds at -7.5 pisig using the 
same nosepiece as was used prior to lancing. The depth setting of the lancet was 
1.6 mm. Eight different nosepiece assemblies were evaluated. Four tests were 
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conducted per nosepfece assembly per volunleer. Blood vwas colter^pH v.. 
capillary tubps. The amount of blood collected was ^.rl^^l *° 
length of blood in the tube Thi. ^l.^ ^enmned by measuring the 

.9MnosepleceL^:L^3r'L:^^ 

the upper bas. (see One -cd- JfiG slZs tZT T'' '^''"^ 
Bne - bg" in FIG. 32) was 3 mm andtho w^h ^'^^^^ 
F.G. 32) was 3.1 mm. The nLp^^'l^,^^^^^^^ "ne "hr In 

the noseplece sea, and ihe thl^^^^^^^^ Zll^"'^^T^'' 
material and thicknesses thereof are II Jed in t^le r ' ° ' ""^"^"^ 



Nosepiece 
no. 



Sealing material 



Manijfacturer/SuppHer 



1 


j Buna N; 40A durometer 


2 : ':_ 


1 Buna N: 40A durometer 
1 Buna U. 60A dufometer 
isorbbthana 


3 


4 


5-. 


^ 

sorbothaniB, siliconized 

1 




neoprene, 5-1bA 
duronnelBf 


7 1 


closed cell foam 


8 1 


nfec^rene/^BR/EPPM 
blend foam ' 



McMaster Carr. #867l5l<ini> 
McMaster Carr. #S67l5k-ih9 
MbMaster Carr^ i{flR?»hi;f«'^o^ 
Sofbothane Inc: 

Sorobothane Inc., siliconized 
by Applied Membrane 
Technolbj 

McMaster Carr, #8639K512 
UFP TechnotonY #G-231 N 



Thickness 

[rftmj 

1.6 
3.2 

lie 

1.6 



1.6 



1.6 



1.6 



3.2 
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Fxample 17 

* * * • 

. • . .. ■ 

This example lihjstrales the effect <rf using a novel sea^ 

required to extract t>lobd from a person. 

Glucose detectors in the form of muHiple-layer elemenls comprising the 
foltowing layers, from top to Ijotlom. were prepared: 

(1) meter-CTntactable layer 

(2) detecting layer 

(3) overcoat layer 

(4) blood-transporting layer 

(5) . covering layer 

The arrangement of the layers is shown schematically in FIG. 21 A and 21B. 
However* the overcoat layer is substantially coplanar with the blo6d.transporting 

layer as shown in FIG. 28. « ovir» 

The use of a nosepieOe with a detertor Is shown in FIGS. 34Ai 34B, 34C, 
and 34D the detbctor 13Q2 vyas placed belOw the lancing assembly 1304 with the 
openings in the delector afignod with the lancet 1306. The deted^^^ 
placed between a lancet stop 1308 that contained 9n opening 1309 (shown 

phantom) and a nosepiece assembly 1310. The nosepleoe assembly 1310 
Included a rtosepieco 1311 and a seal 1312 that contacted the sWn "S". The 
landng assembly 1304 prior to the application of vacuum is shown in FIG. 34A. 
The nosepiece assembly was placed against the forearm of a volunteer. Alter 
application of vacuum (-7.5 psig). the sWn was stretched up n^r to or into contact 
with the detector as shown In RG. 34B. The vacuum was appfied for a surt^^^ 

arttouril of time (5 seconds) to cause the blood in the skin ins^ 
pooL The lancet was then fired through the openings in the lancet stop andthe 
detector, as shown in FIG. 34C. The lancet penetrated the sWn. The lancel was 
then retracted, as shown In FIG. 34D. The blood emerged from the opening formed 
in the skin, assisted by the vacuum and the stretching of the skin. The vacuum 
- aided in the extraction of blood until the blood reached the blood-transporting 
layer The bkxxJ "B" was then transported along the btood-transpbrting layer until It 
reached the detecting layer of the multiple-layer element. When the blood reached 
the detecting layer of the multiple-layer element, an electrical current was 
generated. This current was used tO determine when to release the vacuum, and 
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the Skin came away from the nosepiece. The detector could then be used to 
analyze the blood for an analyte such as glucose. 

irshould be ncrtedthat thelancel Slop is optfonal. I7)e dm^^^ 

used to stop the lancet If the detector is used to Slop the laricet. the thl^^ 
the detector is important, because it will detemilne the depth of penetraHon of the 
lancet. 

A pneumatic lancing assembly was used to fire the lancet. The pneumatic 

ianang assembly was the type of landng assembly described In RGS 11 i? 1-, 
and 14. ^-i. i3, 

type of murtiple-layer element used In this example had one OM^^^ 
the meter-cpnta«able layer, as shown in FIGS. 2tA and 21 B: - 

Two nosepiece assembly variations were used ih this example. The siie 
and structure of both nosepieces in the nosepiece assemblies were the same as 
that of nosepiece B of FIG. 35, with the exception that tha diameter of the opening 
m the upper base was increased to 4 mm. One nosepiece had a planar Buna N 
seal, 40 durometer (see FIG. 32). The other nosepiece had a seal of the type 
shown in FIGS, 21A and 218 in cross section, referred to heminafler as a flex seal 

Theflexsealcontactsalargerareaof skinthendoesaplanarseal. Theflexseal 
can then cause more skin to be brought into the internal space of the nosepiece 

when vacuum is appfied than can a planar seal, Theflexseal was made out of a 
silicone. 40A durometer. 

The flex seal 3020 can be attached to the nosepiece 3022 by a mechanical 
attachment 3024 or by an adhesive. The portion 3026 of the flex seal that Is not 

attached to the nosepiece 3022 Is capable of moving betvveen a first position as 
shown in FIG. 42A. and a second position, as shown in FIG. 42B. in the first ' 
position, the unattached portion 3026 of the flex seal- 3020 depends from the lower 
base.3028 of the nosepiece 3022 as Shown in FIGS. 42A. In the second position 
the unattached portion 3026 of theflex seal 3020 contacts the lower base 3028 of 
the nosepiece 3022 such that one major surface of the unattached portion of the 
seahs infaoe-to-face contact with the lower base 3028 of the nosepiece as shown 
•nRG.42B. The flex seal is made of ^ material having a coefficient of friction that 
reduces the tendency of skin in contact with it to sfide. The seal shouW be 
sufficiently flexible so that it can moVe behveen the first position and the second 
^^pn and sufficiently stiff to hoW theskin in an immovable position. The opening 
3030 in the flex seal has an area greater than the area of the opening 3032 in the 
lower base 3028 of the nosepiece 3022, when the flex seal is in the first position 
as shovwi in FIG. 42A. 
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In operation, the Hex seal, is placecl against the skin "S" of the patient. The 
area oi skin contacted by the flex seal is greater than the area of the opehlng in the 
lower base of the nosepiece. Cdnsequerilly, the voturne of skin lifted ^^^^^^^^^ 
nosepiece is greater than the volume of skin that would have been lifted into the 
nosepiece with a planar seal. Thus^ the flex seal would be beneficial for a patient 
having below nprrnal skin flexibiWy. 

Eight volunteers were tested on the dorsal forearm 

manner described previously. In the preyioujs examples, the nosepiece assembly 
was manipulated by moying it from side to side or toward and away from the skin. 
In this example, the nosepiece assembly was not moved after it was placed against 
the sWn. Each volunteer was tested eight times using the planar seal and flex seal 
configurations for a total of 16 tests per vdluhteer. The time to fill the detector after 
lancing was recorded. The detector was considered filled when a current of 1.5 fiA 
was generated. The yacuurn was then released. The average time required for the 
current to reach 1.5 jiA fprthe flex seal wa^^ 14.9 seconds and the average tirrje 
required for the current to reach 1 ^5 jiA f or the planar seat was 1 7;9 seconds. 

The npseplero emptoying the flex seal required lesfs time to fill the detector 
than did the nosepiece employing a plaiiar seal. Moreover, manipulation of the 

nose^ece assembly was. eliminated: 

. ■ • • . . ... . - 

Example 18 

• • • 

This example demonstrates that the device shown in RGS. 44A and 44B 
can be used successfully to obtain blood in quantities suffident for analysis in an 
acceptably short amount of time. 

The bkxxJ collection device shpWri in FIGS. 44A and 44B was fitted w^^ 
"Beclon-Dickinson ULTRA-FINE" lart^^^ pn^umatic lancel asseimbly of the type 
illustrated in FIGS. 1 1 -19. The bipod cQlledion device was also fitted with a 
glucose deteotor having a 2.0 mm diameter opening covered with mesh. Twenty- 
nine human volunteers were used in this example, with the dorsal forearm of each 
volunteer subjected to two separate extraction procedures. For each procedure, 
the blood collection device was placed against the foreann of the volunteer and, 
after being exposed to a vacuum of approximately -7.5 psig for approximately 5 
seconds, each individual had his or her forearm (dorsal forearm) punctured. After 
the puncture, blood was collected and, when a sufficient amount of blood had been 
collected, the vacuum was released and the blood collection device was removed 
from the individual's skin. This process was repeated a total of two times for each 
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^fTtS'^' *° each exlraclioa, a new lancet and glucose detector were fitted 
into the blood collection device. were lined 

"r^^ tifne for the glycpse detector to coH^ 
^r^inr^' ' - """" "^'^ ^'^''^ to ha^ collec^ : 
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trial 1 , ColteGtion Time ; 


Trial 2, Collectiort Tinie 


1 . Volunteer j 


(sec) 1 


(sec) : 


1 1 


■ ' 1 
.1 

39 


>40 1 




13 2 1 


• 1 

14.1 


1 3 1 


1.2 1 


2.5 


4 1 

■ ' " 


34.5 M 


~- 9.8 


1 5 1 


0.7 - 1 


8.3 I 


1 ^6 ^ 1 

1 V 1 


5 ; ■ 1 


8 ~n 


■ ♦ 1 

1 7 1 


• •■ • 0.7 . ^ 


1 


1 n 1 

1 O 1 


7.5 1 


* ■ 

3.7 


I" • • Q • . 1 
1 ■ J 1 


3.B 1 


3.1 [ 


m 

1 in 1 

I • . ' • Ly ' 1 


17.& 

• • • i 


3.& I 


1 H 1 


^_ IB I 


19.3 j 


r ip . 

1 1 £m. 1 


6.7 n 


7.9 j 


1 1 0 . • 1 




1 20.1 ^ 


1 ji- • - .1 


7^6 


■ . ' 'i6.3 ' •• . 1 


I • ' * 1 
1 1 sJ 1 


I' ■ • • >40' • • 


1 2.5 . 1 


1^^ 16 


1 • - • 


>40 1 


1 17 

I MM, 


4.6 


3.7 1 


\ 18 


1 10.1 


1,7 


1 19 


I 5 


1 6.4 J 


1 20 


1 6 


1 23.9 1 


j 21 . 


I 12.7 


1 8.8 


I 22 ^ 


15.7 


1 6.9 


23 


1 18 


1 6.2 


1 24 


7.7 


1 5.2 


25 


y i ~ 


1 Malfunction 


26 


1 13.5 


1 5.3 


27 


1 4.8 


1 6.6 


1 28 


j 3.7 


1 2.2 


1 29 


1 1.6 
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The data depicted in FIGM7 shov^ that, fpr over 35% of the pur^^^ 
sufficient blood was collected within five seconds to perform an analysis. With the 

exception of one glucose detector that malfunctioned (volunteer 25 trial 2) for 
approximately 95% of the punctures, the glucose detectors collected sufficient 
blood « 40 seconds or less for analysis. For the remaining punctures, the tests • 
vverastopped after 40 seconds. With respect to those punctures for which sufficier^t 
b lopd was o^lected in 40 seconds or less, the average time to coBect 
blood was 8.2 seconds. 



Examplft 



This example demonstrates that the device shown in FIGS. 43A throuqh 43C 
can be successfully used to obtain blood in quantities suffident for analysis in an 
acceptably short amount of time. 

a 'Boj^^^^^^f^^^ through 43C was fitted wHh ' 

FIGS W M T r ^r^^ assembly o, ,HB>pe i,histrated In 
nf ; n ^evibe was also fitted with a glucose detector 

Rfteen human volunteers 

were used ,n tWs example, with the dorsal forearm of each volunteer subjected to 
four separate extraction procedures. For each procedure, the blood coHecUon. 
device was placed against the foreami of the volunteer and. after being exposed to 
f -^-5 approximately 5 seconds, each individual 

Sl^^L ln^ "^'""""^ P""^^- blood was - 

collected and. when a sufficient amount of blood had been collected, the vacuum 

was released and the blood collection device «^s removed from the individual's 
l^pmcess was repeated a p^^^^^ 
each exti^n. a new lancw 
collection device. 

^ The time for the gruc(«e detector to collect suffident blood to perf^^ 
TZrj^ The glucose detector was considered to have collected 

a^tl? no''"''^^^^^^ Blood c*,llection results 

are set forth in FIG. 48. 

The data depicted in RG. 48 show that, for approximately 45% of the 
punctures, sufficient blood was collected wfthin five seconds to perfomi an 

';^^;PP«br 97% Of the punctures, the glucose detectors collected 
sufficent blood ,n 40 seconds or less for analysis. For the remaining punctures the 
tests were stopped after 40 seconds, with respect to those punctures , or wh^ 
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sufficient blood was collected in 40 seconds or less, the average time to collect 
sirffident blood was 7-0 seconds. 

Example 20 

... • , • 

This eJcample demonstrates that the device shown in FIGS. 45A through; 45E 
can be successfully used to obtain blood in quantities sutlident tor analysis in an 
acceptably short amount of time. 

The blood collection device shown in FIGS. 45A through 45E was fitted with 
a "BD ULTRA-FINEMancet in a pneumatic lancet assembly of the type illustrated In 
FIGS. 11-19. The blood collection device was also fitted with a glucose detector 
having a 2.0 mrn diameter semi-drcular notch covered with mesh ait one er)d of the 
detector. Twenty^nine humai) volunteers were used in this example, with the 
dorsal forearm of each volunteer subjected to two separate: extradioh procedures. 
For each procedure, the blood colfeclion device was placed against this forearm of 
the volunteer arid, after being exposed to a vacuum pf approximately r7.5 psig for 
approximately 5 seconds, each Individual had his or her forearm (dorsal foreann) . 
punctured; Fifty milliseconds after the lancet was triggered, the movable prpjeelion 
was triggered and the gluepse detector was moved nearer the lajnced openlr^g Iri . 
the lncH^rtdual's skin. After the puncture, blood was collected and, when a suffident 
amount of blood had been collected, the vacuum was released and the blppd 
collection device was removed from the individual's skin. This process was 
repeated a total of two times for each individual. Prior to each ejclractlbn. a new 
lancet and gftjcpse detector were fitted into the blood collection device; 

The time tor the glucose deteotor to collect suffident blood to. perfomn an 
aiialy^s was recorded. The glucose detector was considered to have collected 
suffkaent btood when a cunrentof 1.5 jiA was generated. B|pod coUectton results 

■ • 

are set forth in FIG. 49 

The data depicted In FIG. 49 show that for over 55% of the punctures, 
sufficient blood was collected within 5 seconds to perform an analysis. Two of the 
glucose detectors did not exceed the trigger cun^ent of 1.5 \iA due to hardware or 
software problems. Two of the glucose detectors did not vnovB due to an unknown 
problem and did not contact the skin. Excluding these four punctures, for 91 % of 
the remaining punctures/ the glucose detectors collected sufficient blppd in 40 
seconds or less for analysis. For the remaining punctures, the tests were stopped 
after 40 seconds. With respect to those punctures for which sufficient blood was 
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Various mocfiflcations 
to tt„«e skHted in tt,e art ««hou. depamng ui's;™^ 
invention, and it Should te undeislow Iha this 



I. 
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What is claimed is: 



1. A method for obtaining a sample of blood for a diagnostic test. sakJ 

• • • 

method comprising the steps of : 

* • . • • • . 

(a) forming an unobstructed opening in an area of sWn from which said 

sample Is to be oxtraded; 

(b) extracting said sample from said unobstructed opening in said area of 

said skin, with the aid of vacuum and stretching of the skin. 

• • ■ . . ■ - • . • . • 

2. The method of claim 1, wherein said diagnostic test is a test to 
determine the concentration of glucose In blood. 

3. The method of daim 1 , further comprising the step of increasing the 
availabliity of btood to said area of said skin from which said sample is to be 
exUacted prior to forming said opening in said area of said sWri from which said 
sample is to be extracted. 

. - ■ ■ . . 

4. The method of daim 3, wherein a vacuum is used to Increase the 

availability of blood to saM area of said skin from which said sample is to be 
extracted prior to forming said openingin^^s^^^^ 

• - * • 

sample is to be extracted, 

• • _ 

5. The method of daim 4. wherein stretching is used to increase the 

availability of btood to said area of said skin from which said sample Is to be 
extrarted prior to forming saw opening in said area of said skin from which said 

sample is to be extraded. 

' . ■ " . - . ' , 

6. The method 6f daim 3, wherein heat is used to increase the 
availability of btood to said area of said skin from which said sample is to be 
extracted prior to forming said opening in said area of said skin from which said 
sampte is to be extraded. 

7. The method of daim 6, wherein heat is used to increase the 
availability of blood to said area of said sWn from which said sample is to be 
extraded prior to forming said opening in said area of said skin from which said 
sample is to be extraded. 
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8 "The method of claim 1. Wherein said opening in said are^ 
from Which the sample is to ba extracted Is formed t^a lancet 



vacuum. 



9- The method of claim 8, wherein said lancet is cocked by means of 



vacuum; 



10. The method of claim 8, wherein s^d lancet is triggered by means of 



11. The method of claim 1, wherein said extracted sample is anahrzect hv 
means of a glucose detector ' 's analyzed by 



refiectdmeter. 



12. The method ol dalm 1 1, wherein said glucose detMor ^ploys 



dpnth n/* n>ethod of daim 8. wherein said lancet penetrates said sWn to 
depth of no more than 1.6 mm. o«.u amnio 



a 



from wifjh th?" T?"* °' ' ' °t said sWn 

from which the sample Is to be extracted is fornied by a laser. 

from JL "'f ^'^herein said opening in said area of said skin 

from which the sample is to be extracted is fomied by a fkild jet. 

17. method of claim 1. wherein said blood is obtained fr«^^ 

lower than ul^'^'' h t"" ^"^P^ obtained at a pain level 

lower than that expenenced when a finger is pierced by a standard finger^ncet 

«nnK, -^^' ""^^^^'^ Obtaining a sarnple Of body fl^^^ 

analysis ,n a diagnostic test, said apparatus comprising- 

Which si sa^rr, 'TT' an area of skin from 

wiiicn saia sample is to be extracted; and 
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(b) a vacuum pump for extra£?ting said sample from said unobstructed 
opening In sad area of sErfd skin. 

.... . • . ■ . .- 

20. The apparatus of claim 19, further including a housing. 

•■ . ■ • - ; . . • 

21. The apparatus of claim 19, wherein said device for fotmirtg said 
unobstmcied operiing comprises a lancet disposed in a lancing assembly. 

■ . - ' , « ' • 

■ • ■ . ' ■ • 

22. The^paralus of claim 21 , wherein said lancing assembly tomprises 
a nosepiecB having a seal, whereby a vacuum can be fornled through the landhg 
assembly by said vacuurn pump. . . . ; ^ ' 

23. Theappar£rtusof d£dm 19 Wherein said lancet is capable Of being 
retracted after it fontis said unobstnjcled o|»ning in ^d sWn. 

24. Theapparalus of claim 19. wherein said device for forrning said 
unobstructed opening is a laser. 

• - 

25. The apparatus of daim 1 9 wherein said device for forming sajd 
unobstmcted opening Is a f luid Jet. 

■ ' ■ . ■ 

■ • »*"■*" 

20. The apparatus of claim 1 9, further comprising a heating element 

27. The apparatus of claim 1 9, further comprising a glucose, detector, 

• • • - ■ • 

28. The apparatus of claim 27, wherein said glucose detector is a 
blo^nsor. ■ 

« ' * * . . • • 

29. The apparatus of daim 27, wherein said glucose deteclor Is a 
refiectometen 

. 30. The apparatus of claim 22, wherein said vacuum is applied by a 
fixture having a major dimen^on ranging from about 2 mm to about 1 0 mm. 

31 . An assembly capable of providing an opening in sWn of a patient by 
means of lancet, comprising: 
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* • ' 

(a) ; a holder for holding a lancet jassembly; 

(b) a means for providing sufflaent force to cause said holder to be 
mairrtalned in a position whereby a lancet in said holder would be positioned away 
from, the skin of said patient; and 

(c) a means for allowing a gas to provide sufficient force to 
overcome the force prpvided by sai0 holder iiteiiitainlhg means, whereby said gas 
causes said holder fp be moved to a position whereby a lancet in said holder 
would be able to pierce the skin of said patient; . 

32. The assembly of claim 31 , further Including a lancet assemb^ in said 
holder. 

• ' . * • 

33. The assembly of daim 31 , wherein movement of said holder is 
brou^ about by means of said gas acfing on a piston attached to said holder. 



34. The assembly of daim 33. wherein said holder maintaining means (b) 
is. a piston biasing means. 

35. The assembly of claim 34, wherein said piston biasing means is a 
spring, ' 

3^. The assembly of claim 34. wherein said piston biasing means is a 
bellows. 

37. The assembly of claim 31 , wherein said means (c) comprises a piston 
attached to said hbkfer, said piston being disposed In a bore, said bore being 
rapable of being opened *© allow sMfktort gas at suffid 

move said pistQn, whereby said holder Isvmovod to said position whereby a lancet 
in said holder would be able to plefrce the skin of said patient. 

38, The assembly of claim 37, wherein said means (c) comprises a valye 
having a first port, a second port, and a third port, said first port capable of 
a)mmunicating with a source of gas at a first pressure, said second port capable of 
communicating with said bore, said third port capable of communicating with a 
source of gas at a second pressure, said second pressure being lower than said 
first pressure. 
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39. The assembly of claim 37, further Incluifing a means for sealing said 

bore. 

. ' • * • ' , ♦ 

... • • . 1 ■ 

40. The sesembly of claim 39, wherein said sealing means is an oaring; 

• • • 

41. The assembly of dalm 39, wherisin said seaHng, m 

^ " , • 

42; The asserrtbly of daim 39, wherein said sealing mear)s is a 

- 

diaphragm. 

*""•■-' . ■ • . . * ■ 

43. The assembly of claim 31 , further Including a piston, attached to said 
holder, which piston (1 ) travels In a first cfirection in a bore when gas at a first 
pressure enters s^d l»re and said first pressure exceeds the pressure of gas In 
said bore prior to said entry of said gas at said first pressure and (2) travels in a 
second direction in said bore when said holder maintaining means (b) overcomes 

the ibirce oi gas acting on said piston In said bore. 

... .... . . . . . 

: - ... 

44. An assembly capable of holding a lancet assembly for providing an 
. opening in sWn of a patient, comprising: 

• * • " . • • 

(a) a housing having 

a bore having an axis; 
a vaivB fitted in a valve manifold; 
a first port in said valve manifold that allows said valve 
manHold to allow passage of gas at a first pressure through a 

first jpprt In said valve; 

a second port in said valve marafold that allows said vah^e 
manifold to allow passage of said gas at said first pressure 
through a second port In said vahfe to enter said bore; 
a third port in said valve manifold that allows said valve 
manifold to allow passage of gas from said bore through a third 

port in said valve to a location having gas at a second 
pressure, said first pressure being greater thari said second 
* pressure; 

(b) a piston disposed in said bore, sad piston having a proximal end and 
a distal end, said proximal end adjacent to said second port and said distal end 
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including a holder for holding a lancet, said piston capable of moving along the 
axis of said bore: . . 

• • • ' 

(c) nieansfor biasing saw piston so thai ^dpro^dmaJ end of said pis^^^ 
IS in the furthest position away from the sWn of said pabent when said first port Is 
dosed. • ^ . 

■ ■ . " . '* . ' . 

spring ^' ^"^^^ °* ^' "^^^'^^ said piston biasing means (c) fe a 



< • 



46. The assembly of claim 44, wherein said piston biasing means (c) Is a 



bellows. 



47. The assembly of claim 44, whera^ 
solenoid. 

48. The assembly of dalm 44. further including a means for sealing said 



• > 



49. The assGmbly of claim 48. wherein said means for seaUnd said bore 
IS an p-ring. 

50. The assembly of daira 48, wherelh said means for sealing said bore 
IS a bellows; 

51. The assembly of dalm 48. wherein said means for sealing said bore 
IS a diaphragm. ^ 

• ... ■ • • • 

■ ' * • » ■ ■ 

52. A method for forming an opening In skin of a patient In order to obtain 
blood; said method comprising the st^ of; 

(1 ) providing a lancing assembly capable of providing an opening In skin 
of a patient by means of lancet, comprising: 

■ • ■ ■ * 

(a) a holder for hoWing a lancet assembly; 
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(b) a lingans.for providing suffident force to cause sakJ holder to be. 
mairrtained in a position whereby a lancet in said holder would be poisitioned away 
from the skin of said pafient 

* 

(c) a means for allowing a gas to provide sufficient forca to , 

• • • • • # • 

overcome the force provided by said holder maihtalnihg means, whereby s€ud gas 
causes said holder to be moved to a position whereby a lancet in said. holder 
would be able to pierce the skin of said patient; and 

(d) a lancing assembly in: said holder, 

• * ' ■ • - • . ■ " ■ ' • . 

■ * * ' 

(2) positioning said lancing assembly suffictentiy close to the ^kin of said 

patient so that a lancet in s^'d lancet assembly can pierce the ^*n of said patient; 

' ■ • • ... 

(3) causing said means (c) to allow a gas to provide sufficient forcp to 
overcome the force provided by said holder m£untainlrig means, so that said holder 
Is moved to a position whereby sald.lancet in said lancet assembly pierces the skin 

of said patients 

* 

i- • • . . . 

■ * • ■ « . 

(4) causing said lancet to be retracted from the skin of said patient 

53. A multiple-layer element comprising: 

■ . * 

• _ ^ • 

(a) a liayer capable of receiving bipod and transporting the blood 
received by means of chemically aided wickirig; 

(b) a layer enable of detecting the presence of ajialyte or 

measuring the amount of anaiyte in blood; and 

(c) a layer that can be placed in comact v«th a meter^ 
contaclable layer overlying the btood-transporting layer, said layer (a) capable of 
transporting bbod to said layer (b). 

■ ■ ' 

54. The article of claim 53. wherein said blood-transporting layer 
comprises a mesh. 

55. The article of claim 53. wherein said blood-transporting layer 
comprises, a surfactant. 
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5B. Thia artfcle of dairti 53. wherein said blood-transportijig layer has at 
least one opening therein. . • 

* - - ■ * ■ ' 

57. The article of daim 53, wherein said analyterdetecling layer detects 
analyte by means of an electrical measurement 

■ ■ , ■ . 

58. The article of clalnri 53, wherein said analyte-detecUng layer detects 
analyte by means of an optical measurement. . 

• • • . 

59. The article of daim 53. wherein no more than two microliters of btobd 
are required for analyte detenmination. 

60. The article of claim 53, wherein no more than one microliter of blood 
is required for analyte determination. 

■ * 

61 . The article of daim 53, wherein an overcoat layer Is coated about the 
periphery of said blood-transportihg layen ; 

...... 

62. The article of claim 53, wherein said rneter-contadable layer has at 
least one opiening. 

63; The artide of claim 62. wherein said Wood-transporting layer Is at 
least partially superimposed over said at least one opening^ 

64. The article of claim 62 wherein said blood-transporting layer is not 
superimposed over said at least one opening. 

• ■ ■ < • • 

65. the artJcle of claim 62, wherem 

least two openings. 

■ 

66. A multiple-layer article comprising: 

(a) a covering layer having an opening therein; 

{by a layer, overlying the covering layer, capable of receiving 
blood through the opening in the covering layer and transporting blood by means 
of chemically aided wicking; 
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(c) a layer thai can be piac^ in contact with a meter, the meter - 
contactaWe layer overlying the btood-tfansporting^!^^^^^ 

(d) a layer capable of detecting the presence of ahalyte pr 

measuring the amount of analyte In btood. which layer Is disposed between the 
covering layer and the meter-cpntaciable layer and Is capable of receiving blood 
from the blppd-tiranspbrtlng layer. 

... . . ■ • , . . , ■ 

67. The article Of cym 66, wherein said blood-transporllng ^^^^ 
mesh. . . 

68. The article of claim 66. wherein said blood-transporting layer 
comprisesi a surfactant. 

. ■ ■ - • 

69: The article of claim 66, wliereiri said blobcktransporting layer has at 

least one opehing therein. 

70. The article of daini 66, wherein said analytMetecang layer detepts 
analyte by means of an electrical measuremepL 

71 . The artlde of dalm 66; wherein said analyte-delecUng layer detects 
analyte by means of an optical measurement. 

' ■ ■ " - 

72. The article of clairn 66, wherein ho more than two microliters of blood 
are required for analyte determination. 

73. The article Of Claim 66, wherein no more than one micrpmer of blood 

* ' . - - ■ ' ■ " ■ 

is required, lor analyte deterrtiination. 

- ". ■ ■■ . • . ' ■ 

74. The article of dalm 66. wherein an overcoat layer is coated about the 
periphery of the Wood-transporting layer 

75. The artlde of daim 66, whereiri said meter-conlactable layer has at 
least one opening ther^n. 

76. The artlde of claim 75, wherein said bjood-transporting layer is at 
least partially superimposed over said at least one opening- 
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77. The artide Of cteim 76, Wherein said btood-t^^^ 
superimposed over said at least one opening. 

■ • 

78. The artideof cteim 75, wherein said meter-contactabte layer has at 
least two openings therein. , 

' • ' . * » * 

79. A muRiplHayer article comprising: 

• ' . . • • -* • . ' * . - 

(a) a covering layer; 

(b) a layer, overlying said covering te^^^^ 
contact vyith a meter; and 

* ■ • . ' ' ■ * • 

(c) a layer capable of detecUng the presence of analytG or 
measures the anjount of analyte In l>lood. which layer is disposed between said 
covering layer and said meter^ntactable layer and is capable of receiving blood 
by means of capillary flow of blood between said covering layer and said meler- 

. contadable layer, wherein said covering layer and said meter-Gontactable layer 
are spaced apart at A sufficient distance so that a capillary is formed between them. 

80. The article of claim 79. vyhereln an overcoat layer spaces said 
covering layer and said meter-contaclable layer at a sufficient distance so that a 
capillary is formed between said covering layer and said meter-oontactablo layer. 

81. The article of claim 79, wherein said analyte-detecting layer detects 
analyte by means 0* an electrical measurement 

82. the artide of claim 79, wherein said analyte-detecling layer d^^ 
analyte by means of an opticaJ measiurement. 

* * * 

83. The articte of claim 79, wherein no more than two microliters of blood 
are required for analyte determination. 

84 The artide of claim 79. wherein no more than one microliter of blood 
is required for analyte detennination. 

85. The artide of claim 79. wherein said meter-contactable layer has at 
least one opening therein 
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86 The article of claim 79, wherein saW covering layer has an opening 
therein. 

, . : ' ■ 

87. A method for perfomiing a diagnostic test utiBzIng a sample of blood, 
said method comprising the steps of: 

■ ■ 

(a) forming an unotelrucled ojjenlng In an area of sWn from which said 
sarhpie is to be extracted; 

(b) extracting said sample from said unot)structed opening in said area of 

said skin, with the aid of vacuum and stretching of the skin; 

• . - • . ■ 

(c) providing a m^iple-layer article comprising: 

(i) a teyer capable of receiving blood and transporting 
received by means of chemically aided widdng; 

(ii) a layer capable of detecting the presence of analyte or 
. measuring the amount of analyte in blood; and 

(iii) a layer that can be placed in contact with a meter, the mete^^ 
cbntact£dble layer overlying the blood-trahsporting layier, said 

capable of transporfing l>lopd to said layer C»^^ 

« 

• , * - 

(d) allowing said extracted sample to be received by said blood- 
transporting layer and allowing said blood to be transported by means of 
chemically aided wiclUng to said layer capable of detecting the presence of analyte 
or measuring the amount of ana^e In blood; and 

(e) determining the presence of analyte or measuring the amount of 
analyte in blood. 

88. The method of claim 87, wherein no more than two microliters ol 
. . blood are required for analyte determination. 

89. The method of clam 87, whereiri no more than one microlrter of blood 
is required for analyte determination. 
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^ "^^^"^ tor performing a diagnostic test utifizihg a sample of blood 
said method comprising the steps of: '>«"P»e oi owod, 

■ 

(a) torinihg an iirK)bamcled opening in an area Of sidn from^^w^^^ 
sample is to be extracted; wnicn said 

(b) extracting said sample from said unobstructed openino In sa.^ 
said skin, with the aid of vaaium and stretching of the skin; ^"'"^ 

(c) providing a muWple-layer article cbmprising: 

.... . . • _ 

(i) a covering layer having an opening therein- 

(ii) ■ a laybr. overlying the 

btood through the operiing in the covering layer and trm^^^ . 
btood by means of chemically aided VMcWng; 

(iii) a'ayerthacanbeplacpdincontactvijitha^m^^^^ . 
comactable layer overlying the blood-tran^^^ 

(Iv) a layer capable of detecting the pres^ce of ana^e or 
measuring the amount of analyle in btood; which layer is disposed 

between the covering layer and the rneter-contactable layer and Is 
capable of reeehrtng blood from the btood-transpdrting layer. 

(d) aMowing said extracted sample to be received by said blood- 
U.^j>rtmg layer and alfewing said blood to be transport^ 
chemically aided vWclong to said foyer capable of detecting the presence of arialyte 
or measunng the amount of analyte In blood; and "lanaiyie 

I ' ' ' 

blood !!' T^"^ ""^ 90. wherein no more than two microliters of 
blood are required for analyte determination, 

is reou^H f ■"'^''"f '^'^ °* ^"^'"^ ^' therein no more than one microBter of blood 
IS required for analyte detennlnation. 
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93 A method for perforrning a diagnostic test utHizing a sample of btood, 
said method comprising the steps of: 

• » ' ' ■ • ■ • ■ 

*• • . ■ ' ' . • ■ ■ 

(a) formlrig an unobstructed opening in an area of skin froni which said 

sample is to be exlracied; 

• ■ - 

■ 

(b) extracting said sample from said unobstructed opening in. said area of 
said sldn/wrth the aid of vacuum and stretching of the sW^^ 

(c) providing ia multiple-layer article comprising: 

• • • . _ • - • 

(j) a covering layer; .[ ■■. 

(H) a layer^ overlying said covering layer, that can be placed in 
contact with a meter; and 

(iii) a layer capable of detecting the presence of analyte or . 
measures the amount of analyte In blood, which i^^^ 
between sad covering layer and said meter-contaclable layer and Is 
capable of tBqsmng bioOd by means of capillary flow of tJlood 
between said. . covering layer and said meter-contactable layer, 
wherein seud covering layer and said meter-^jorilaciable layer are 
spaced apiart at a sufficient distance so thai a capillary is formed 

• « • - 

between them; 

' ' . • . ' • . 

• ' . " • • ' 

(d) allowing sald.extracted sample to be transported by means of 
capillary flow to said layer capable of detecting the presence of analyte or 
measuring the amount of analyte in blood; and 

■ 

• • • • • . ' • * ■ ■ . ■ . . 

(e) determining the presence of analyte or measuring the amount of 

analyte in blood. 

' ' ► • . . 

94. The method of claim 93. wherein no more than two microliters of 
blood are required for analyte determination. 

95. The method of claim 93, wherein no more than one microliter of blood 
is required for analyte determination. 
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96. A nosepiece suitable tor use wtth a blood coltecrtfon apparatus said 
nosepjece comprising: ^wciiaius, said 

(a) a tower t>asB having an operjing therein; 

(b) an upper base having an opening therein; and . 

(c) an interior wall joining saidupper base and said tower base 

the area of said opening in said upper base being equal to or less ' 
than the area of said bpenlrig in said lower base. 

* ■ ' ■ " 

' ' ' ■ ■ * 

is o^t^ " '^'^-^ope,^>^^»P9« base 



100. The noseplece of clalni 96. wherein said interior wall i 



•s tapered; 



101. The 



i. suJu"!^';^^ 'Pen'ngm ^ upper 

■ ' * 

lower b^o^'r"'^'''''^''*'^'"^^^^ 
Kwer Dase of said nosepiece. 

be.«era B Jl^r^ ""^'^'" ^ »al is capable „, n,ovi„g 

oeiween a first position and a second position. • 

or a„ 2J:Z rf," """" ' ^ ^ -^-er 
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1 07. The ndsepiece of claim 1 03, whereJn said seal Is formed from an 
adhesive. 

- , 

1 0B. An apparatus suiteble for obtaining a sample of blood for analysis In a 
cfiagnostic test, comprising: 

" ■ • • .'' ' ■ 

. , - ' • " • ' • ■ • ■» 

(a) a housing having a seal^le chamber located therein 
and a sealable opening in fluid communication vwth said sealable 

- 

chambefp 

(b) a power source, 

(c) a vacuum pump operably connected to said power 
source, said vacuum pump in communication with said sealable 
chamber, , 

(d) a lancing assembly positioned in said housing, said 
lancing assembly capable of moving a lanpet towards said sealable 
operiing, and 

(e) a fluid collector positioned in said sealable chamber, 
said fluid coHector in fluid communication with ssud sealable opening* 

■ » • _ - ■ ■ 

109. The apparatus of claim 108, wherein said housing comprises: 

(a) a Ijody portion, and 

(b) a door portion, said door portion positlonable over said 
body portion and including said sealable opening. 

* • * * ^ 

110. The apparatus of daim 109, wherein said fluid collector Is positioned 
; Jnaslol lnsaid door portion. 

• ■ * - ' 

111. The apparatus of daim 1 10, wherein said slot locates said fluid 
collector adjacent said sealable opening when said door portion is positioned over 
said body portion. . 

112. The apparatus of dam 109, wherein said body portion contains at 
least one slot for inserting said fluid collector. 
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1 13. The apparatus of claiin 1 09, whereiin said body portion includes at 
least one electrical connection^ 

114. The apparatus of claim 109, wherein said door porliori Includes at 
least one electrical connection. 

115. The apparatus Of cNm i 09i wherein said body portion cornpri^^^^^^ 
movable projection containing a slot, said fy d collector positioned in said slot. 

116. The apparaus of claim 115. wherein said movable projection 
includes at least one electrical connection. 

■ 

117. The apparatus of claim 108, wherein said housmg comprises: 

- 

. * 

(a) a body portion, 

(b) an interior cover portion posltionable over said laricino 
assembly, and - 

. (c) a door portion positionable oyer said interior cover 
portion and Including said seajable opening. 

11B. The apparatus of daiml 17. wherein said interior cover portipn 
contains at toast one aBghment channel to position said fluid collector. 

1 1 9. The apparatus of daim 1 1 7, wherein said door portion contains at 
toast one alignment fixture to position said fluid collector. 

120. The apparatus of claim 1 17, wherein the housing further comprises a 
projection. . 

121 . The apparatus of claim 120, wherein said fluid coltectbr is positioned 
In at least one stot in said projection. 

122. The apparatus of daim 121. wherein said at least one slot is parallel 
to the upper surface of said interior cover. 

* ' • * 

123. The apparatus of daim 121. wherein said at least one slot is not 
parallel to the upper surface of said interior cover. 
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1 24. The apparatus of claim 121. wherein said projection includes at least 
one electrical connection. 

* 

1 25. The apparatus of claim 1 08, further comprising a healing element 

' - ' 1 ' * * , 

* 

126. The apparatus of claim 108, wherein said fluid collector comprises a 

■ : • • • . ' ' . 

biosensor* 

127 The apparatus of daim 126, wherein said biosensor comprises a 
glucose detectpr. 

1 28. The apparatus of claim 1 08 wherein said fluid collector comprises a 
reflectance strip. 

129. The apparatus of claim 128, wherein said reflectance strip comprises 
a glucose detector: 

•- ' * . " ■ ■ ' . • , 

130. The apparatus Of dalm 108. further comprising a refteciometer. 

131. The apparatus Of Claim 108, further comprising a display operably 
connected to said pqwer source and said fluid collector. 

132. The apparatusof Claim 108, further comprising a switch operably 
connected to said vacuum pump and said landng assembly through said power 
source. . 

' ■ ■ 

133. The apparatus of Claim 108, further comprising electronics, 

1 34. The apparatus of claim 133. wherein the electronics corrtrol power to 
said vacuum pump. . 

• " • ■ 

135. The apparatus of claim 133, wherein the electronics control power to 

* - • • 

a heating element 

1 36. The apparatus of claim 1 33, wherein the electronics control power to 
the landng assembly. 
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« H comprising more 

* • 't ' 

■ .. . ■ ' ■ * - ■ * . • 

^^138. A method for obtaining a sample of bl^^ 
method comprising the steps of: ^^^'oa 

(a) placing a blood collection device over a region on ihe 
surface of the skin from which sad sample is to be obta^ 

(b) fomiing a seal betvi^n said blood collecUon devlc^^^^^^ 
said surface of the sWn, «:« -no 

■ . • * . ' . • • ■ 

^ (c) creating a vacuum suffidiBht to result in said surface Of 
the sWn becoming stretched and engorged virrth blood. 

(d) triggering a lancing assembly and causing a lancet to 
penetrate said skin, 

(e) retracting sakJ lancet, 

(f) withdrawing btood toward and onto a fluid collector, and 

(g) releasing the vacuum. 

signal indicative of glucose level. 

* • ♦ • - - ■ 

'^*'^^^*'°^^*^^'"T38'^rt»»e''c»nipri 

I'J^i wherein saw movement of the fluid coll^^^ 

IS created by the release of a latch. 

142. The method of claim 140, wherein said movement of the fluid 
collector is created by a four-bar linkage. 

c^JoIf k ^''^ ^ "^^'^'^ movement of the fluid collector 

«s created by a pivoting projection. 
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SiBall Volume otvifrgAhalyte Sensor - 



Field of tile InveBtion 
This invention relates to anal^^^^ 

bioanaljrtes in a small volume sample; . . 

• . , ■ -. . ■ ■ - - 

... . . . . . . 

. - ■ " .' • ■ . • • ■ • . . . ■ . ' 

• • , • . ' • . . • 

Backgrottnd of the Invent ion 

Analytical sensoK are useful In chemistry andm^^^ 

IhepresenceandconcentmtionofabipJogical^^^^^ Such sensor are needed, for 

example,tomonitor8lucosein«Kabeticpatientsandlaclated^^^ • 
10 events. 

large sample volm„es.e.g.. generally requiring 3 microliten. ormore of blood or 
other biolpgicalBmd These fluid s^^^^ 

usiflg .a needle and syringe, or by lancing a portion of the skin sud, as the fingertip 
and^'miIking"iheareatoobtainau«.iW^«^^^^ These procedures are ' 

inconyenient for the patient, and often 

.arereqmred..LesSpainlWm^thodsf6robtainingas?m^^^^ 
lancingthearmorlMgh.whichhav6alo^ye^nerveendingdensity. However, 
lancingthe body in the preferred re^ons typically produces submicroliter sarnples of 
blood, because these regions are.nbt heavily supplied with near-surface capiUary 
vessels. . 

it would therefore be desirable and very.usefy to d^^^^^^ 
painless, easy to use blood ^e sensor, capable of performing an acc^ ^d 

sensitive analysis of the concentration of anal^^ 

Summary of the Invention 

The sensors of the present invention provide a method for the 
detection and qnantification of an ai^yte in submicroliter samples. In general, the 
invention inpiudes a method and sensor for analysis of an analyte in a small volume . 
of sample, preferably by coulometiy. A biosensor of the invention utilizes a non- 
leachable redox mediator, preferably an air-oxidizable redox mediator, and 
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• • • ' ' ' * 

preferably immobilized on a working electr^^^ The biosensor also includes a 

sample chamber to hold the sample in electrolytic 

electrode. In a preferred embodunent, the wking electrode faces a counter 
. electrode, fonning a measurement zone within the sainple chamber, between the two 
5 electrodes, that is sized to contain less than about 1 \xL of sample^ preferably less . 
than about 0.5 pL, more preferably less than about 0.2 jiL, and most-preferably less 

. ■ ■ ■ , , ■ ■ , 

thmi about 0.1 fiL of sample. A sprbent material is optionally positioned in the . 
sainple chamber and measuremeiit zdrie to reduce the volume of sample needed to 
fill the sample chamber and ineasuremehl zone. . 
10 In one embodiment of the invention 

combines the efficiency of coulometric electrochemical sensing with a non-leachkbie 

redox mediator to accurately and efBciently measure a bioanalyte in a submicroliter 

• • _ ■ . 

volume of sample. The preferred sensor ihclude^ an electrode, a rion-leachable 

redox mediator on the electrode, a sample chainber for holding the sample in 

' ' ■ ' ■ . • • ■ . . • ' '. 

15 electrical cdhtact with the electrode and, preferably, sorbpnt material disposed within 
the sample chaihber to reduce the volume of the chamber. The sample chamber, 

together wth aiiy sorhent materiat is sized to provide for analysis of a sainple 

* * • ' - 

volume that is ^ically less than about 1 pL, preferably less thin about 0.5 nL, 

■ ' . . • ' ' ' - • . . . 

more prefwably 1^ than about 0.2 pL, and most preferably less than about 0.1 jrfi. 

■ - 

20 One dnbodimeritofthc invention includes a nieAod for deter^^ 

. • • . . • ' ■ ■ - 

the concentration of an analyte in a sample by, first, contacting the sainple witti an 
electrochemical sensor and then detennining the concentration of the analyte. The 
electrochemical sensor ihcludes a facing electrode pair with a working electrode and 

..... ' * ' . t ' ' . • . *, 

a counter electrode and a samjpk chamber, inpludmg a measurement zone, 

• ' ■ - . • . • • * • ■■ 

25 positioned between the two electrodes. The measurement zone is sized to contain . 

less than about 1 pL of sample. 

. The uivention also includes an electrochemical sensor with two or 
' more facing electrode p^rs. Each electrode pair has a working electrode, a counter 

• . • * ' ■ . ' ' . 

electrode, and a measurement zone between the two electrodes, the measurement 
30 zone being sized to hold less than about 1 pL of smiplc. In addition, the sensor also 
includes non-leachable redox mediator on the working electrode of at least one of 
the electrode pairs. 
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One aspect of the invention is a method of detCTmining the 

concentration of an arialyte in a san^Je by contacting the s^^^^^ 
elccfrocheniical scijsor and detertnh^ 

sensor includes an electrode pair with a workine 
5 and a^nnter electrode. Tliesensoral^ 

holding a sample in electrolytic, contact with the working electrode. Within the 
sample chamter is sorbent materia to 

sample chamber so that the sample chamber is 
of sample. ' • . 

10 . invention also^i^^ 

determinatiQn of the cwicentrationof an analyte in a saniple having a volume of less 
than about 1 jiL. The sensor has a support and an air-oxidizable redox mediator 
coated on the support. At least 90% of the m-oxidizable redox mediator is n^^^^^ 
oxidized states prior to introduction of a sample. The method inchides cw»tacling the 
sample with the sensor and correlating the concentration of the analyte ih the sampte 
to a change in oxidation state of the redox mediator in the presence of tiie sample: • 
Tbe sensor and metiiod of tins aspect of the invention are^^^^^^^ 
to, electrochemical and optical sensors; 

A fiffflier aspect of tiie iwention is an integrated sample a 
and analytem^urement deface which facludes a sample acquisition means for 
producing a patient sample as well as a sensor of the invention for measuring analyte 
in the sample. TTie device is used fox Measuring analyte in a patient sample by. first, 
contacting tiwJ patirat with tiie device and tiien^^^^ 
aiialyte, preferably by coulometry. 

Another a^ct of tiie invention is aniefliod for determining Uie 
concentratioii of an analyte in the sample wifli reduwd errOr by contacting tiie 
sartiple with an electroch^ical sensor tiiat includes a first and a second electrodfe 
pair. Each electrode pair has a working electrode and a sample chamber for holding 
tiie sample in electrolytic contact witi» tiie Working electrode, tire sample ch^ber 
being sized to contain less tijan about 1 pL of sample. The first electrode pair also 

has a non-leachable redox mediator and non-leachable eiEyme on tiie working 
electrode. The second electrode pair has a non-leachable redox mediator in Oie 
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absence of enzyme on the working electrode. The method inrther includes the step 

of measuring substaiitially simultaneously, and at two or more times, a first current 
' '• ■ ■ ■ . ' ' . • • ■ * ■ 

generated at the-first elecilrode pair and a second current generated at the second • 

■ ' ' . ■ . ■ • ■ . * ■ • 

electrode pm^. The measured £r$t currents and second ciin^ms are independently 

5 integrated to give a first.charge and a secoiid charge^ rbspecti^^ The second 

.charge is shiibtracted in>m the fi charge to give a noise-reduced charge which is . 

then correlated tp. the concentration of analyte in the sample. This method can be 

• • . • . • - - 

used to reinoy e errors arising from interferents or the mixed oxidation state of the 
redox mediator prior to introduction of the sample. 

V ' . • ' . ■ . " ' ■ 

• • ■ - - . • * • ■ . 

10 . Another method of the inyentiph for the detem^ . 

concentratipii of an analjrte in a saznple includds the step of providing an 

sensor which has ope or more facing electrode pairs, each pair 

.. ' "'* 

haying a working and a counter electrode and a measurement zone between the 
wprldng.and;counter electrodes, the measurement zones of the one or inore electrode 
1 5 pairs having approximately equal volumes of less than about 1 jiL. the sensor also 
includes redox mediator on the working electrode of at least one of the electrode 

pairs.: llie.method^iWher includes measuring a capacitance of one of the electrode 

. . • • • • . ■ . . •. . . . . 

pairs and calculating the volume of the measurernent zone of that electrode pair from 
the capacitance .measurement. In addition, the sensor is brought into contact vvith 
20 the sample and the concentration of analyte in the ssunple is determined by 
coulometry. ... 

A. further aspect of the invention is a method of storing aiid packaging 

. ' ■ ' 

an 'analytic^ sensor which includes packaging the seiisor in, an atmosphere 

containing molecular oxygen. The sensor of this aspect of the invention includes 

' . . . • 

■ • ' • » 

25 air-oxidizable redox mediator. 

• * "' • • ' . * ' ■■ 

One embodiment of the invention is a method of determining the 

. * • * * • 

concentration of an analyte in a sample by contacting the sample with an 
electrochemical sensor, electrolyzing less than about. 1 fiL of sample, and 
determining.the concentration of the analyte by coulometry. The sensor of this 
30 embodiment of the invention . includes a working electrode and non-leachable redox 
mediator on the working electrode. The molar amount of non-Ieachable redox 
mediator in the reduced form prior to introduction of the sample into the sensor is 
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■ .• 5 ■ 

less than, on a stoichioinetric l«sis, 5% of the ex 
be electrolysed 

method for deteimibing the co^ 
sample includes contacting the sample with an electrochenrical sttisor which ha^ a 
woridng electrode, a counter electrode, and a m««u^ent 2one bd^ on at least 
two sides by the.two electiodesv The measurement zone is sized to contain lesslhan 

about 1 ML of sample. The conbentiation of analyteittthe sample 

by CDiilometry. 

■■ . ■ ■ . • ' 

These and various other features which characterize tl^^^ 
pointed out witi, particularity in the attached claims^^^ 

the invention, its advantages, and objectives obtamed by its use, referdice should W 
nMde to the drawings and to the accompanying description, in which there is 
illustrated and described preferred embodiments of the invention: . 

» ■ ■ . « • 

« • * * • ■ 

Brief PiescriptioB of thcDrawinffl 
Refe^ing now to the drawngs, wherem like 
letters indicate corresponding structure throughout the . 

Figure 1 is a schematic view of a first embodunent of an 
electrochemical sensor in accordance v«th the principles of .' , 

having a working electrode and a counter electrode facmg each other; 

Figure 2 is a schematic view of a second embodiment of an 

electrochemical sensor m accordance with the principles.of the present m^^^ . . 
having a woikuig electrode and a coimter electrode m . 

Figure 3 is a s«Aematic view of a third embpdm^ 
electrochemical sensor in accordance with the principles of the present invention 
having a working electrode and a counter electrode facing each other and haying an 
extended sample chamber; 

Figure 4 is a not-to-scale side-sectional dravring of a portion of the 
sensor of Figures 1 or 3 showing the relative positions of the redox mediator, the 
sample chamber, and the electrodes; 

Figure 5 is a top view of an embodiment of a mulUple electrode 
sensor in accordance with the principles of the present invention; 
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• • • • - . - 

Figure 5 js a perspective view of an embodi^ 
measurement device in accordance with the i^^^ 

having a sample^ acquisition means a^^^^ 

• * . . . * ■ - • ■ • 

Figure 7 is a jgr^h of the charge required to ejedfrooxidize a kn6\wi 
5 quantity of glucose in an electrolyte buffered solution (filled circles) br serum 
solutira (open circles) usmg the sensor of Figure 1 with glucose oxidase as the 

secoiid electron transfer agent; 

-, . . • .« • * ' * . ■ . • . ■ • _ 

■*»' •* * ' 

; Figure 8 is a graph of the average glucose concentrations for the dat^ 

' " * ■ ' ■ . ■ " ■ ' 

of Figure 7 (buffered solutions only) w 

10 averages; a linear caliltaation curve was calculated forthe 1 0^20 riiM concentiations 
and a second order fwlynomial cialihration curve was calculated for the Orl 0 mM 
concentrations; 

Figure 9 is a.qarke-type clinical^^ 
of the glucose measurements of Figure 7: 

^5 Figure 10 is a gj^ph of the 

. ■ ' • " "'. • • 

quantity of glucose in an dectrolyte.buffered sohitioii using the sensor of Figure 1 
• *• , • . ■ • . ' * ■ " . ■ ' 

with glucose dehydrogenase as the second electron transfer agoit; 

Figwes 1 1 A, 1 I B, and 1 1 C are top views of three embodiments of an 
electrochemical sensor of the present invention; 
^® Figures 12A and i2B are cross-sectional views of another 

• ■ 

enibodiment of an electrochemical sensor of the present invention formed using a 
recess of a base material: 

Fig^ires 13A and 13B are crpss-sectiona^^ 
embodiment of an electrechenucal s^ or the present inVeiitioii formed in a recess 
25 of a base material: and - 

Figures r4A and I4B are cross-sectional view of a further 
embodiment of ah electrochemical sensor of the present invention formed using a 
recess of a base material and a sof bent material. 
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Detailed Description of the Pri^ferrcd Embod.W». 

Who, used herein, the following definitions define the stated temi: 

An «air-oxi4i2able n^or" is a redox inediator that is 
Preferably so tfet at least W.pfthe n.ediat»^ 

5 ^^P'^g^i^^^^ansefulpen-odof^^^^^^^^ 

one >yeek or less. and. rnone prefoably, one day or less. 

A "biologioal fluid" is aby body fluid in which the analyte can^te 
measured, for example. bM. inte^^ 

The tem, ^'blpod" in the context of the invention includes whole 
hloiad and its ceil-ftee components, namely, plasma and se^^^^ 

: "Coulometry" is the det«mination Of charge 
pass during complete or nearly complete electrolysis of the analyte, either direcUy on 
the electrode or through one.or more electron transfer agents. Tie charge is 
determined l'y «>«a«u^ent of charge pas^ 

electrolysis of the analyte or, more often, by multiple measurements during the 
electrolysis of a decaying iuflcht a^ H^e decaying current results 

fiom th^declme inthe Qtocentration of theele^^^ 

electrolysis. . 

A "counter electrode" refers to an electrode paired with the woridng 
20 ^'^^^trode, through which passes an electroch^^^ 

opposite in sign to the current passed through the woridng electrode. In 
of the invention, the term "counter electrode" is „eant to m^^^^^^ 
whKhalsofiaictionasreferenceeleclxo^ 

An"electrocha«iqdsemor'^ 
presence and/or me^ure the concentration of an analyte via electit,chemical 
oxidation and reduction reactions on the sensor. These .Actions are transduced to 
an electrical signal that can be correlated to an amount or concentration of analyte. . 

"Electrolysis^ is the electrooxidation or electroreduction of a 
compound either directly at an electrode or via one or more electron transfer agents. 

The term "lacing electrodes" refers to a configuration of the working 
and counter electrodes m which the working surface of the working electrode is 
disposed in approxunate opposition to a surface of the counter electrode and wh«e 
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the distance between the working and counter electrodes is less than the width Of the 

worldng surface of the working electrode^ 

- . ■ • • • . • • . • 

A compound is 'Immobilized'^ on a surface wh^ 

. 

chemically bound to th^ surface: 
5 Tte "measuiement zone'- is defined h^eih as a regibn of the sample 

chambor azed to contain.only that portion of the sample that is to be interrogated 

during the analyte assay. 

A "noib-leachable" or "nqri-releasiable'* componrid i^^ - 

which does not substantially difiuse away from the working surface of the working 
10 electrode for the duration ofthe analyte assay. . . ' ' 

A "redox mediator' • is an electron transfer agent for car^ 

• •- ■ • • ■ . ■/ • ' • 

between the analyte and the working electrode^ either directly, Or via a second : 
electron transfer agent 

A **stxx)rid electroii transfer agent*' is a molecule which canri^ 
15 electrons between theredox mediator and the analyte. 

"Sorbent rnaterial'* is material which wicksi retsu^ 
fluid sample in its void volume and which does hot substotially prevent difiu^on of 
. the analyte to the electrode. 

A "working electrode" is an electrode at which analyte is 

• • . * * - 

20 electrooxidized or electroreduced with or without the agency of a redox mediator. 

A "working surface" is that portion of the working electrode which is 
coated with.redox mediator and conjpigured for exposure to sample. 

The small volume, in yitro analyte sensors of thc^ present invention 

• . ■ • ■ ■ * 

• - • . • . . 1 . .. 

are designed to measure the concentration of ah analyte in a 
25/ havmg a volume less than about 1 ^iL, pieferably less than about 0.5 pL, more . 

preferably less than about 0.2 pL, and most preferably less than ateut O.I The 
analyte of interest is typically provided in a soh3tion or biological fluid, such as 
blood or serum. Referring to the Drawings in general and Figures 1- 4 in particular, 
a small volume, in vitro electrochemical sensor 20 of the invention generally 

■ 

30 includes a working.electrode 22, a counter (or counter/reference) electrode 24, and a 
sample chamber 26 (see Figure 4). The sample chamber 26 is configured so that 
when a sample is provided in the chamber the sample is in electrolytic contact with 
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9 ... ■■ " . . • 

both the MToiking elected, 22 and the «^^^^ This aUom electiibal 

cun«,t to flow between the electrodes to .ffect to^ 

eleclToreduction) of the analytc. 

.- ■ • - ■ - • 

- 

.5 \Yoi'kmg Electrode 

: r lTie working electrode 22^m^^ 
composite or it .nay conMst of an inert non^^^^^^ 

P°Jy«^«r."l»n which a suitable condiK^ting layer is d^^^^ . . 

. layer stould have relativeiy low eJec^cal^r 

10 «^l^hendcaUyJnertoy«,hepotentialrangeofthes^^ 

Suitableconductoi^ include gold, carbon, platinum, rutheniuth dioxide and ^ 
palladium, as well as other non^rroding riiateri^^^ 

Tie electn>de and/or conducing lay««j are d^^^^ . . .. 

material by methods such sKs vapor de|^^ 

A tab 23 may be provided on the end of the working, dectr^^ 
easy co^n^ction of a« electrodelo external 

sourceor cuiientmeasuringeqmpment^^ Q^^^ 

used to Qomiect the working electeode 22 . to the extern^ 

20 Sensing Layer and Redox Mediator 

A sensing layer 32 contaimng a non-leachable (le:. npn-re^^ 
redoxmediatorisdisposedonaportionoftheworkingelectrode22. Preferably 
there is little or no l^hing of the redox mediator away Wthe working electrdde 
22 into the sSmple^durihg the measarem«,t period, which is typically less than about 
25 Sminutes. More preferably, the redox mediators of the presem.invention ar^ 
or otherwise immobilized on the working electrode 22 to prevent im^^^ 
leaching of the. mediator iuto the sample/A difiusing or leachaW^ 
redox mediator is not desirable when the working and compter electr^^ 
together (i.e., when the electrodes are separated by less than about 1 mm), because a 

0 . large background signal is typically produced as the unbomid mediator shuttles 

electrons between the working and counter electrodes, rather than between the 
analyte and the working electrode. This and other problems have hindered the 
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development of low resistance cells and increased the miiiimum sample size required 
for determination of analyte concentration. 

Application of sensing layer 32 on working electrcMle 22 creates a 

working surface on that electrode. In general, the working surface is that portion of 

. • * * * • • • • 

5 the working electrode 22 coated with mediator and able to contact-a fluid sample. If 

a portion of the seiising layer 32 is covered by a dielectric or other material, then the 

working surface will only be that portion of the electrode covered by redox mediator 

*'■ ' ■ • . • • . ■ ••" ■ • . 

and exposed for contact with the sample. 

• " . . ' * " ." ■ . . ■ . 

The redox mediator mediates a current between the worldng electrode 
1 0, 22 and the analyte and enables the electrochemical analysis of moledules \vhich are 

not suited for direct electrochemical reaction on an electrode.. The mediator 

. ■ . . . ■ • < 

* * . * * 

functions as an electron transfer agentbetween the electrode and the analyte. 

-. ' •'. ' ' ■ - " . ■ . 

Almost any organic or orgahometallic redox qjecies cm 
redox inediator. In general, the preferred redox mediators are rapidly reducible and 

15 oxidizable molecules having redox potentials a few hundred plillivolts above.pr 

below that of the standard calomel electrode (SCE), and typically not nriore reducirig 
than aboiit -lOO mV and not more oxidizing than about +40QmV Versus SCE. 
Examples of organic rediDX species are quixiones and quinhydrones and species that 
in their oxidized state have.quinoid structures, such as Nile.blue and indophenoL 

20 Unfortunately, some quinones and partially, oxidized quinhydrones react with 

functional groups of proteins such as the thiol groups of cysteine, the amine groups . . 
of lysine and arginine^ and the phenolic groups of tyrosine which may render those 
redox species unsuitable for some of the sensors of the present inyeht]on,e.g., 
. seiisors that mU be used to measure analyte in biological fluids such as blood. 

* * • * 

25 In general, mediators suitable for use in the invention have stii^ 

. which prevent or substantially reduce the dif!usionaI loss of redox species during the 
period of time that the sample is being analyzed. The preferred redox mediators 
include a. redox species boimd to a polymer which cain in turn be immobilized on the. 
working electrode. Useful redox mediators and methods for producing them are 

30 described in U.S. Patent Nos. 5,264,104; 5,356,786; 5^62,035; and 5,320 

herein incorporated by reference. Although, any organic or organpmetallic redox 
species can be bound to a polymer and used as a redox mediator, the preferred redox 
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q)ecies is a teansiticMi metal compound or complex; The prefened transitioji metal 
compounds or complexes include osmium, rulhraiiim, iron, and cobalt compounds 
or complexes. The most prefened aie osmium compounds and complexes. . 

One t33>e of non-releasable polymeric redox mediator contains a 
i redox sp<»iescovalentlyboundinapolymericc6mposit^^^^^^ An example of tins : 
type of mediator is poly(vinylfenrocene): . 

• ■ . * * 

Memativdy, a suitable hon-releasable redox mediator coiitaiis: an 
ionically.bound redox species. Typically, these mediatois include a charged . 

polymer coupled, to an oppositely charged redox species. Examples of this ^ of 
mediator include a negatively charged polymer sudj as Nafibn* (DuPont) coupled to 
a positively charged redox spedes such as an osmium or nrth^ 
cation. An6th» extople 6f an ionically-bound mediator is a positively charged., 
polymer such as quatemized poly(4-vinyl pyridine);orpoly(l-vinyl imidazole) 
coupled to a negaUvely charged redox species such as ferri(granide or ferrocyanideV 

. In another embodiment of the invention, the suitabfe 
redox mediators inchide a redox spedes coordinatively bound to For. 

example, the mediator may be formed by co6rdinati<m of an osmiiim or c^ 
bipyridyl (implex to poly(l -vinyl imidazole) or p6ty(4^^ 

The prefened redox mediators are osmium transition metal 
complexes with one or more iigands having a nitrogen-containing heterocycle such ' 
as 2,2'-bipyridine, 1,10-phenantijroline or derivatives thereof. Furthermore, the 
preferred redox mediators also have one or more polymeric Iigands having at leirt 
one nitrogen-containing heterocycle,^di as pyridine^ imi 
thereof. These prefened mediators exchange electrons rapidly between each other 

and tiw electrodes so that the complex can be rapidly oxidized arid reduced: 

In particular, it has been determined tiiat osmium cations complexed 
with two Iigands containing 2,2'-bipyridine, 1,10-phenanthroline, or derivative? 
thereof, the two Iigands not necessarily being Uie same, and further complexed with 
a polymer having pyridine or imidazole junctional groups form particularly useiul 
redox mediators in the small volume sensors of Uie present invention. Prefened 
derivatives of 2.2'-bipyridine fw complexation witii the osmium cation are 4,4'- . 
diroeUiyl-2,2'-bipyridine and mono-, dis and polyalkoxy-2,2'-bipyridincs, such as 
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. . - • * . 

4,4 Vdiniethoxy-2^'-bipyridine, where the carbon to oxygeri^ 
groups is sufficient to retain solubmty of the tifflisitioh m 
Prefenred derivatives of 1,1 0-phenanthtoIine for cobplexation with the o^ium 
t^tion ate 4 J-4imfethyl-l,10-phaianthro^ 
5 phenanthroline^ such as 4i7-dimetho:^-l,10-phenanthipline, where the carbon to 
oxygen raUo of the alkoxy groupsis sufficient to retain solub^^^ 
metal complex in water. Preferred polymers for complexation with the osmium 
cation mdudepoIy(l-vmylMd^le),^^ PYI, and poly(4-vinyl pyridine), e;g., 
PVP, either alone or with a copolymer. Most preferred are redox 
10 osmimicompiexed with poly(l,viayl imidazole) alone or 

The preferred redox mediatois have a redox potential betyrera 
1 50 mV to about+4(K)my versus the stjmdardcalorneleledro^^^^ Prefesrably, 
the pot«!ntial 9f the redox mediator is b^een.aboiut -100 mV an^ 
more preferably, the potential is between about -50 mV and +50 mV. The most 
15 prefened redox me^atorshaveosmiumre^^ 

negative thm +1 00 mV versus SCB. more preferably the redox potential 
negaUve Ih^n +50 mV versus SCE,.and mok preferably is near^^ -50 mV ve^ 

Itis also preferred that the redox mediators of the inventive sensois 
be air-oxidizable. This means that the redox mediator is oxidized by air, preferably 

20 so that at least 90% of the mediator is in an oxidized state prior to introduction of 
sample into the sensor. Air-oxidizable redox m^^iators include osmiuih cations 
complexed with two mono-, di-, or ix»lya]koxy-2,2'-bipyridin© or mono-, di^, or 
polyalkoxy-l,10-p^nanthroline:iigands, the two ligands hot iie<«ssariiy being the 
same» ai^ fiirtiieT complex^vBth 

25 functional groiq>s. In particular, Os[4,4'-dimetiipxy-2,2'-bipyridine]jCr'*^ 

■ 

complexefd with poly(4-vinyl pyridiiw) or ix)ly(lr^ 
approximately 90% or more oxidaUon in air. 

In a preferred enibodiment of the invaition, the sensing layer 32 

includes a second electron transfer agent which is capable of transfening elector 
30 or from the redox mediator and the arialyte. One example of a suitable second 

electron transfer agent is an enzyme which catalyzes a reaction of the analyte: For 
example, a glucose oxidase or glucose dehydrogenase, such as pyrroloqxiinoline 
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quinohe gJucos* dehydrogen^ ^ 

lacteteoxidasefi|lstli>rolewhenthea^^ These oizymes catalyze the 

electrolysis of an analyte by transfeiring electrons between the analyte and the . 
el^ode via the redox mediator. Preferably/the second electron transfer ag^t is 
non-Ieachable, and more prefarably imnjobilized on the electrode, to prevent 
unwanted leaching ofthe agent into the sample. This is accompKshed. for example, 
by cross linking the second electrpn transfw agent with the redox mediator, thoeby 
providing a sensmg layer wth npa-leaphabfe 

To prevent electrochemical reactions fiom otc^ 
the worldng. electrode not coated by the mediator, a (B^^ 
. on the electrode over, under, or surrounding theregion with the bound redox 

mediator, as shown in Figure 4. Suitable dielectric materials include waxes- and hori. 
conducting organic polymers such as polyethylene.. Dielectric 40 may also cover a 
portion of the redox mediator on the elect^^^^ The covered portion of the mediator 
wiU not contact the sample, and, therefore, ^^^^^ 

working surface. . ' 



Pounfer.£Iectro.de 

. ■ ■ , • _ ■ . ■ 

Counter electrode 24 may be constructed in a manner similar to 
20 working electrode 22. Counter electrode 24 may also be a counter/reference 

electrode. Alternatively, a separate reference electrode may be provided in contact 
with the sample chamber. Suitable materials for the counter/reference or reference , 
electrode inchide Ag/AgCl printed on a non-conducting: base material <» a^^^^ 

■ ' , ' ' • • . ' ' . ' 

chloride on a silver metal base. If ihb counter electrode is not a reference electrode 
25 the saine materials and methods may be used to niake the counter electrode 

ayai'able for constructing the working electrode 22, however, ho 1^^^ 
injmpbiiized on the counter or counter/reference electrode 24. A tab 25 may be 
provided on the electrode for convenient connection to the external electronics (not 
shown), such as a coulometer or other measuring device. 

In one embodiment of the invention, working electrode 22 and 
counter electrode 24:are disposed opposite to and facing each other to form a facing 
electrode pair as depicted in Figures 1 and 3. In this prefened configuration, the 
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sample chamber 26 is typically di^osed between the two electrodes. For this facing 
. electrode configqration^ it is preferred that the electrodes are separated by a distance 
of less than about 0.2nim, preferably less than 0 J mm, and most preferably less than 

0.05 mm/ ■ 

' •* . * • .- ' ' ' ' •■ . • . • ' , • 

• "' ' •■ " . * . ■• . ' 

5 The electn>d€s.need not be (&ectly opposm^ 

slightly offset Furthermore^ the two electrodes need not be the same size. 
Preferably, the counter electrode 24 is at least as large as the working surface of the 

• * » » ' • • • 

working electrode 22. The counter electrode 22 can also be fornied with tines in a 
. comb shape: Other configuration of both the counter electrode and working : 
10 electrode are within the.scope of theinvention. However, th6 separaition distance 
betwe^ any portion of the workirig electrode and some portion of the counter 
electrode Inferably does not exceed the lirnits speci 

Figiu^ 11 A J IB, and lie illustrate differra^ 

■ . • . ■ * * 

. of facing electrodes 22, 24, as described above. A region 21 of overlap between the 
i 5 two electrodes 22, 24 typically corresponds to the measurement zone in which the 
, sample will be interrogated. Each of the electrodes 22, 24 is a conducting surface 

. • . . ■ _ . - ■ , • . 

and acts as a plate of a capacitor. The measurement zone between the electrodes 22^ 

" . • - - ■ • » • 

24 acts as a dielectric layer between the plates. Thus, there is a capacitance between 
the two electrodes 22, 24. This capacitance is a fonction of the size of the 
20 overlapping electrodes 22, 24, the separation between the electrodes 22, 24, and the 
dielectric constant of the material between the electrodes 22,24. Thus, if the size of 

the region 21 of the overiapping electrodes 22^ 24 and the dielectric constant of the 

• ■ * • • ■ "- 

material.tetween tjie eldctrodes (e.g., air of a sbrbent material) aire knp\vn,;theh the ' 
separation between the.electrodes can be calculated to detennihe the volume of the 
25 measiinnnent zone. 

Figure 1 1 A illustrates one embodiment of the invention in which the 

. _ • ■ ■ 

electrodes 22, 24 are positioned in a facing arrangement. For the capacitance to be 

■ ■ • . . ■ * - ■ " . • . • ■ • .* 

uniform among similarly constructed analyte sensors having, this particular sensor 
configuration, the registration (i.e., the positioning of the two electrodes relative to 
30 one another) should be uniform. . If the position of either of the electrodes is shifted 
. in the x-y plane from the position shown in Figure 1 1 A, the size of the overlap, and 
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therefore, of the capacitance, will change. The same principle holds for the volume 
of the meastuemait zone. 

Figuits 1 IB and lie iUustrate other embodiments of the invantio^^ 
with electrodes 22, 24 in a feeing arrangement In these particular arrangeinent^ the 
5 position of either of the electrodes may be shifted^ by at least some minimum 

* ' . , ' * ■ • 

distance, in the x-y plane relative to the other dectrode without ^ chtoge in 
capacit^ce or the volume of the measurementzone. In these electraide - 
arrangemoits, each electrode 22, 24 includes an aim 122, 124,;reSpectivejy, which 
oyerl^swth the cdrreqwndingann of the other electrode^ The two arms 1 22, 124 
10 are not pwdlel to ^h ptl»er (such as iUustrated in Figure 1 1 A);- rather, the anns 
i22i 124 are disposed atan angle 123, which is greater thrazCT^^^ 
other; lii addition, the two arms 122, 124 extend beyond the region 21 of bVerlap 
(i.e., each arm has extra length corresponding to the dilferenee between the lenglh of 
the ann 222, 224, respectively, and the width 121 of Ihe overlap 21). With these 
15 electrode arrangements, there can be a Certain amount of allbwed hnpredsion in thi 
registration of the electrodes 22, 24 which does not change the c^^^^ 

• * ■ - . ■ 

electrodp arrangement A desiredamourit of allowed iniprecisibn in the r^stratjon 
can be designedmto the electrode anangement by varymg the an^^ 
theanns 122, 124 ovCTlap and 1hesi2»of the extm ImgUj of eachai^ 
relative to the width 121 of the region 21 of overlap. Typically, the closer that the 
arms 122, 124 are to beingpapendicular (i.e., angle 123 is 90°), the greater the 
allowed inqwecision. Also, the greater the extra laigfli of each arm 122, 124 (which 
may hothbe the same length or different lengths).relative to the width 121 of the 

• - ■ ■ . • • . . ."■ . ' . . . . • 

impreciirion; Conversely, th^^ 
25 tl» amount of aflowed imprecision, the larger the size of the electr^^^^ 
electrode width, thickness, and angle 123 of inteisecUon vwth the oA^^ 
Thus, the minimum distance that one electrode can be shifted relative to the other is 

balanced against the amount ofmaterial needed for the electrodes. Typically, the 
angle 1 23 of mtersection ranges from 5 to 90 degrees, preferably, 30 to 90 degrees, 
30 and more preferably 60 to 90 degrees. Typically, the ratio of the extra length of an 
anh 122, 124 (corresponding to the difference between the arin length 222, 224 and 
the width 121 of the region 21 of overlap) versus the width 121 of the region 2 1 of 
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overlap ranges ftom 0.1:1 to 50:l,preferably 1:1 to 15:1. and more preferably 4:1 to 
10:1. 

■ 

• ' . . - - ' - . - ■ • • ■ 

^ . In another embodiments^ 
coplanar as shown in Figure 2. In this 1^^^ 
5 with both electrodes and is bounded on the side opposite the electrodes by a liojv- 
coiiductirig inertbase 30. Suitable materials for the inert base include non- 
conducting materials such as polyester. 

Other configurations of the inventive sensors are dso possible. For ^. 
exainple, the two electrodes may be fonned o^ 

10 oth». One such configuration would liave the electro 

right angle,: Another possible configur^on has the electrodes on a ciirved surface 

such as the interior of a tub«j. The working and counts electrodes niay be arranged 

so that they face each other from opposite sides of the tube. This is another ejcample 

• ■ ■ ■ - ' • . . 

of a facing electrode pair. Alternatively, the electrodes may be pla<«d near each 
15 other on the tube wall (e.g., one on top of 

In any configuration, the two electrodesiijust ^ configu^ 
they do not niake direct electrical contact with each other, to prevent shorting of the 
electrochemical sensor. TWs may be difQcult to avoid whra the facing electrodes 
haying a short (less than about 100pm) distOTce between them. • 

A spacer 2& can be lised to keep the electrbdes apart when the 
electrodes face each other as depicted in Figures 1 and 3. The spacer is typically 
constructed fi^om an inot non-conductmg material such as polyester. Mylar™, 
K^vlar™ oy a^y other strong, thin polymer fihn, or, altrafiatively, a tWn polymer 
fiImsochasaTdlon™Mn,chos**foritsd^ 
25 preventing contact between the electrodes, the 

- . . - . .... . ■ , 

of the boundary for the sample chamber 26 as shown in Figures 1- 4. 

Sample Chamber 

TTie sample chamber 26 is typically defined by a combination of 

-" " >• . - ■ ■ ■ _ . • 

30 electrodes 22, 24, an inert base 30, and a spacer 28 as shown in Figures 1-4. A 

measurement zone is contained within this sample chamber and is the region of the 
sample chamber that contains only that portion of the sample that is interrogated 
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, <tatogU»aMyte assay. ''' <i^ '.r^>>o^ olm,in^ 
a»i 2. sample ctamlcr 26 is d,= spac b««». U. B« de<*«fe, 22. 24 a„d/«r to 

prefaabl,les,U«,ab«,MK^p^t^,^^,^^„^^^^ - 

F.g»es 1 and 2. to.».su«„«^. ^ 
the vohime of the sample chamber. 

In another embp^ent of Uie invention, shown in Figure 3. s^nfe 
chamb« 26 includes „,nch more space ti^th.^^^^ ^ 
Thisconfigurationmakesup^^^^^^ 

oneormores^p,echambers.asshpwninFig„re^ , 

chamber 26 is preferably sized tocontain a volume of less than ate^^ 

P^^ably less than about 0.5 ML. and most prefera^ ^ . . 

measurement zone (i.e.. the region cont^ning t^^ ' ■ 

interrogated) is genemUy sized to contain, volume of sample of ,es.th^ about 1 

ia..,P«ferably less tha« about 0.5 ML. more preferab^^ 

-^-ft^blylessth^about O. f^- OneparUcularlyuselulc.nfigui^oi^o^^ 
e«,bod.m»tpo«iionsworkingelectrode22^a^^ 

other, as shovm m Figure 3. to this embodiment, the measurement zone, ' 

conesjH,nding to the region containing the portion of the sample which ^^^^ 
-t^gated. is theportion of samplechamber 26 bounded by the working surface of 

thew^rklngelectrpdeanddi^between^etwofecing^^^^^ Whenthe 
--fec^ ofthpworldng electrode is noto^^^^ 

measurement zone is the space between thetwo fe^^ 

^ coneqK>nding t. the working surface (i.e.. redo, mediator-covered surface) of 
workmg elec^ode 22 and a thickness corresponding to the sep^^^ 
between working electrode 22 and counter electrode 24. 

In both of the embodiments discussed abov^ the thickness 6f the ' 
sample chamber ^ of the measurement zone correspond typicaUy^^^ 

ofspacer 28' (e.g.. the distance between the electrodes in Figures 1 and 3 orthe 
distance between the electrodes and the inert base in Figure 2). Preferably this 
thickness is small ,o promote rapid electrolysis of the analyte. as more of the sample 
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. " 18. . ■ ■ ■ 
will be in contact with the electrode surface for a given sample volume. In addition, 
^ thin S2unp]e chamber helps to reduce mors^f^ 

* ■ 

measurement zone from other portions of the sample chamber during the analyt^ 
assay » because difiusioii time is long relative to the measin:ement time. Typically, 
5 the thickness of the sample chaniber is less than about 0^ mm. Preferably, the 

"- ! - ' , m 

. thickness.of the sample chamber is less than about 0. 1 mm and, more preferably, the 
thickness of the sample chamber is about 0.05 mm or less. 

The sample chamber may be formed by other methods. Exemplary 
methods include embossing, indenting, or otherwise forming a recess in a substrata 
1 0 within which either the working electrode 22 or counter electrode 24 is formed. 

Figures 12A and 12B illustr^e one embodiinent of this stnicttire. Fiwt, a conducting 
layer 100 is fonned on an inert non-conducting base 102. As described 
abovcj the conducting layer 100 can include gold, carbon, platihmn. ruthenium 
dioxide, jialladium^ or other nonKiorroding matraals. The inert non-conducting base 

15 niaterif^ 102 can be made using a polyester, oth^ 

■ ■ . - . . . • - • • . . . " • 

conducting, 4efonnable materials. A recess 104 is th^ 

npnrconducting base material 102 so that at lea^ , 
i 00 is included in the recess 104. The recess 104 may be formed using a variety pf 
techniques including indenting, deforming^ or otherwise pushing in the base material 
20 1 02. One additional exemplary method for forming the recess includes embossing 
the base material 102. For example, the base material 102 may be brought into 

contact with an embossing roll or stamp having raised portions, such as pimch 

* . - . - * . 

• * 

members or.channels> to fram the recess 104; In some embodiments, the base 

• ■ • . ■ . . ■ . • . ■ • . . • 

. ■ ■ ■ * ^ 

rnaterial 102.may be heated to soften the m^ 

^ - The recess 104 may be circuliar, oval, rectangular, or any other.regular 

. ■ • ." • . ' ■ ■ ' ■ • 

or irregular shape. Alternatively^ the recess 1 04 may be formed as a channel which 
extends along a portion of the base material 1 02. The conducting layer 1 00 may 
extend along the entire channel or only a portion of the channel. The measurement 
zone may be restricted to a particular region within the channel by, for example, 
30 depositing the sensing layer 32 on only that portion of the conducting layer 1 00 
within the particular region of the channel. Alternatively, the measurement zone 
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may be defined by placing .second etectrode,^ over only the desired legion of the 
first electrode 105. 

At least a portion, and m son,e cases, all. 
i3situaMmtherecessl(M. TWsportionomecond^^^^ 
firstelectrode lOMacounter elecuodeonpre^^^^^^ 

conductinglayerlOOfonnsthewoxkingelect™de,thenas^^^^^ . 
toed over apohion of the conducUnglaye, 100% 

mediator and options second electron transfer agent in 

Figure imAsecondelecl^del07isthenfbri^^^^^ , 
conducting layer on , second base niaterial 1 06. TOs second electrode ,07 is then 
positionedoverthefirstelectrodelOSinafacingariange AlthoU8h,K>t 
Illustrated, it wi« be nndenrtood that if the fet electrode 105 were to lunctibn as a 
counter electrode, then the se^^g layer 3^ ., 
elecfrodc 107 which would then^^^^ . - . 

In <we embodiment, thesecondl^^ 
of the fi^ base material 102 and/or the conducing layer ,00 which is not depressed 
sothat.hesec™Klelectrodel07extendsintotherece^^^ ' 
there ,s a spacer (not showii) between the first and second base nm^^ ,02 108 
In this en^bodiment. the second electrode 107 nr^ or n,ay not ext^d into the recess 
In any case, the first and second electrodes 105. 107 do not niake contact, otherwise 
the two electrodes would be shorted. 

The dq>ih ofthe recess 104 and the volume of the conductive layer 
100. sensing layer 32. and theportion, if any, of th^sec^^^ 

recessW deteaninesthevolunK.oftl,emeasureme^ 

25 ofthe vpiun^eofthe measureinem zone relies on the exte^^ 
of the recess 104 is uniform. 

In addition td the conducting layer 1 00, a sorbent layer 1 03. described 
in detail below, may be deposited on the base material 102 prior to fonhing flie 

i«:ess IHasshowninFigure ,4A. The sorbent mat^l 103 may be indented 
30 embossed, or otherwise deformed with the conducting layer 100 and base material 
102. as shown in Figure 14B. Alternatively, the sorbent material J 03 may be 
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deposited after the conducting layer 100 and base, material Ifc : . - 

embossed, or othervvise defonned to make the recess 10^^ 

■ . ■ . - • . • . . • • 

. ^ . - * .Ih.anotke^ 
■■\ recess 1 14 in fonned in a first base materis^ 

5 TTie recess: may be formed by indentingi^bossijfi^ • 

"... ..■••'■■* • • • • • * • ' . * 

- ' • " ' . • . ..".■*•' 

photolithographic methods ofiaiser lembV^^^ 

otherrose defonning or removing a portion of the base matM Then a first 

condnding layer 1 10 is formed in the recess 1 14. Any of the conduct 

discussed above may be us|^. A preferred material is a con^ i; 

. • ' ■ ■ ' ■ ■ ' ' • ■ . ' ■ ■ **. 

10 conductive carbon ink available, for example/fi^ ^ 
The conductive ink typically contains inetal or cai^^ |: 

; • ' ' ■ ■ . - ' ■ . ■ • i** 

solvent or dispersant Wheiot the solvrat or diq)ers^ I 
carbon forms a conductive layer 1 1 0 that can then be used as a first electrode I tS/ A I' 

. ■ . ■ " : . ■ ^ ■• . . ■ . ■ ..." * • . -■ ■ % 

. second electrode 117 cian be formed on a second base material 116 and positioned % 
15 . over the recess 114, as descrited aboVcw In some embodiments, ^ 

* ., *' ' ^ 

formed oil the first electrode 115 to form a working electrode, as shovm in Figure 

• ' . ' ■ . - ■ • . ' * 

13B. In Other embodiments, the sensing i j 

. . . ■ ■ ■■ . .v^i- 

electrode 1 17 to forma workmg electrode. Furthermore, 

* 

sho\vn)may be.formed within the recess, for exaniple, oh the fire v 
20 A binder, s;uch as a polyurethane resin, cellulose derivative, elastomer % 

(e.g-^ silicones, polymeric dienes, or acrylonitrije-butadiene-styrene (ABS) resins), ■ % 

■ ■ . . . ' ' • ' ' S 

• 4 

highly fluorinated polyniers, or the hke, may also be included in t^^ | 
Curing the binder rnay increase the conductivity of | 

however, curing is not necessary* llie method of curing the binder inay depend on ^ 

■ ■ ■ . . " , . 

25 the nature of the particular binder that is used. Soine:binders are cured by heat 

and/or ultraviolet light 

These structures allow for the formation of electrochemical sensors in 

which the volume of the measurement zone depends, at least in part, on the accuracy ] 

and reproducibility of the recess 104. Embossing, laser etching, photolithographic 

• . ■ ■ • , • h 

» ■ , » ■ H 

• - ' . ' ■ ♦* 

30 etching and other methods can be used to make reproducible recesses 1 04;, even on . 
the scale of 200 pm or less. 
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Sorbent Material 

• "^^PJechamkr my empty b^^^^ 
ctember. Alternatively, the sample diamber n,^ i„cJ«ie 
so^bandhpld afluidsampleduring themeas^^ Suitable sorbent 

mtmals include polyester, nylon, cellulos^^ 
nitrocellulose. Tbe^orbentmaterial^^^^^^ 

by a vdcldng action which m.y complement or. preferaW^^ ' 

action of the sample chamber. 

■■ " * • . . • - • 

or shmym which the sort,^t material is ^^^^^ Hiesolventor 
dispersant in 4e Uquid or sliury may then be driyo. ^ 

processes. Suitable sorbent materials inck^^ : 
powders dissplyed or dispen^din a s^^^^^ 

The particular solvent or disp^sant should also be com^^ 
the working electrpd, 22 .(e.g., the s^^^^^^^ 

electrode.) . . /' . , . 

One of the most important fimctions of the sorbent material is to 
«duce the volume of fluid needed to fill .he sample ch^ber and Correspom«„g ' 

measurement 2one of the >^sor. TTie actual volume of sample within 
measurement zone is partially determined by the amount of void space within the 
sorbent material. Typically, suitable sorbents consist of about 5% to about 50% void 

space. P«fcrably.thesorbentmaterialconsistsofaboutlO%toabout25%void 
. space,. 

The displacement 

By addition of a sorbent. less sample is needed to fill sample chamber 26: TTiis 
reduce the volume of sample that is required to obtain a me^^ 
reduces the time required to electrolyze the sample. 

the sorbent material 34 may inchide a tab 33 which is made of the • 
same material as the sorbent and which «cte„ds from the sensor, or from an opemng 
m the sensoj. so that a sample may be brought into contact with tab 33, sorbed by 
the tal^ and conveyed into the sample chamber 26 by the wicking action of the 
sorbent material 34. TOs provides a preferred method for directing the sampl 
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the sample chamber 26. For example, the sensor may be brought into contact with a 

* * * , 

region of an animal (including hiiman) that has been pierced ^ 

blood. The blood is brought ill contact with tab 33 and drawn into sample chamber 

• ■ . " .' * • * . . ■ ■ ' • ' . ■ ■ . ■ 

26 by the wicking action of the sorbent 34, The direct transfer of the siample to the 

• : . • • * ■• ■ ■ ■ . " . ■ 

5 sensor is especially impdrtantwhen the sample is very sihall, such as when the 

lancet is used-to pierce a portion of the animal that is not .heavily supplied with ne^- 
surface capillary vessels and furnishes a blood sample volume of less than 1 ^iL. 

Methodsotherthanthewicldngaction of a sorbent may b^^ : 
transport the sample ipto^the sample chamber or measi^ Examples of 

1 0 such iiieans for transport include the application of presisure on a sainple to push it 
into the sample chamber^ the creation of a vacuum by a jpiunp or other vacuum- 
producing means in the sample, chamber to pull the sample into the chamber, 

capillary action due to interfaeial tension of the sample with the wall^^ 

* • ■■■»•- . ■ 

• ' . ■ .... ' ■ ' . 

sample chamber, as well as the wicking action of 
15 . The sensor can also be used in conjunction with a 

stream. In this conQgumtjon, the sample stream is made to flow through a sample 

chamber. The flow iisf stopped periodically and the concentration of the analyte is 
. determined by electrochemical method, such as coulometry. After the measurement, 

the flow is resumed, thereby removing the saimple fr^ Alternatively, 
20 sample inay flow through the chamber at a very slow rate, such that all of the analyte 

is electrolyzed in transit, yielding a current dependent oidy upon analyte 

concentration and flow rate. 

Other filler materials may be used to fill the measurement zone and 

- • • ■ . • - • - •• • . 

■ ' ■ ■ ■ . ' * 

reduce the sample volume^ For example, glass beads cah be deposited in the 
25 measurement zone to occupy space. Preferably, these filler materials are hydrophilic 
so that the body fluid can easily flow into &e measurement zone. In some cases, 
such as glass beads with a high surface area, these filler materials may also wick the 
body fluid into the roeasurement zone due to their high surface area and 
hydrophilicity. 

30 The entire sensor assembly is held firmly together to ensure that the 

sample remains in contact with the electrodes and that the sample chamber and 
measurement zone maintain the same volume. This is an important consideration in 
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the coulometric analysis of a sample, where measurement of a defined sample 
volume is needed. One method of hqlding the s^r together is depicted in Figures 

1 and2. Twoplates38areprovidedat:oppositeendsoftheW. Iliese plates are 
typically constnic^ of nonconducting mate^ . . . 

designed so thatthey can be heldfogelher with 

Sm^ble holding devices include adhesives^ dam^^ 
like. 



30 



lat^ted S:unple Acqlrisition and Anafyte Measur^^^^ 

In a preferred embodiment of the inventf on, ah a^^^^ 
devK* 52 constructed according to the principles of the ^ 
sensorZO, as described hereinabove, combii^ed with a s^^^^ 
to provide an integrated sampling and measnr^t device, m sample acquisition 
nreans 50 Ulustrated in Figure 6. include^ for .^^^^^^ 

such as a lancet, attached to a r^lient deflectable strip 56 (or other similar device,' 

such as a q>ring) which may be pushed to inject the 1»^^^^^^^ 
cause blood flow. 

The resUient strip 56 is then released and the skin piercing member 
54 retracts. Bl*>od flowing fiom the area of skin pierced by member 54 can then be 
transported, for example, by the wicking action of sorbent material 34, into sensor 
20 for analysis of the analyte. The analyte measurement device 52 may.then be 
placed in a itad<^, „ot shown, whi^ connects a cou|dmeter or other eleclrochemi<^ 
analysis eqmp|nent to theelectrodet^^ 
analyte by electroahalytical means. 

• • • ■ .. • • 

Operation of the Sensor 

An electrochemical stmsiM- of the invention is operated in the 
followingmanner, A potential is applied across the working and counter ele^^^^ 
The magnitude of the required potential is dependent on the redox mediator. The 
potential aran electrode where the analyte is electrolyzed is typically large enough 16 
drive the electrochemical reaction to or near completion, but the magnitude of the 
potential is, preferably, not laige enough to induce significant electrochemical 
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♦ - * » * 

reaction of interferents, such as urate, ascorbate; and acetaminophen^ that may affect 

. '■ . ■ • . ■ . 

the cuorent measurements. Typically the potential is betw^ about -150 mV and 

alK)Ut 4400 mV; versus the standard calomel electrode (S(^ Preferably, the . 

potential of the redox mediator is between about -100 mV and +100 mV and, more 

:5 preferably, the potential is betweeii about -50 mV and +5^ 

llie potential may be. applied dther befo^^ 

been placed.in the sample chamber. The potential is preferably api^lied after the 

■ ■ • - • - ' • ' ■ • 

sample has come to rest in the sample chamber to prevent electrolysis of sample 

passing through the measurement zone as the sample chamber is filling. When the 

.•*.■, . ■ • ■ ■ . ' • ■ . • - • . • 

1 0 potential is applied and the sample is in the^measurement zone, an electrical current 

will flow between the working electrode and the counter e:lectrode. The current is a 

result of the electrolysis of the aiialyte in the sample. This electrochemical reaction 

p(xiirs via the redox mediator and the optional second electTQn t For 

, miany biomolepules, B,. the process is described by the following reaction equations: 

15 , . nA(bx) + B ) nA(red) + C . (1) 

• * . ; 

nA(red) — r>nA(ox) + ne' (2) 

• ■ • ■ " ■ . • . ■ 

Biochemical B is oxidized to C by redox mediator species A in the presence of an 
appropriate enzyme. Then the redox mediator A is oxidized at the electrode. 
Electrons are collected by the electrode and the resulting current is measured. 

20 As an example, one sensor ofthe present invmtion . is based on 

- ' • • . • . ' * . .• . . • 
^ reaction of a glucose mdleciile. with two non-leachable ferricyanide anions in the 

presence of glucose oxidase to produce two* non-leachable ferrocyanide anions, two 

protons and gluconolactone. . The. amount of glucose present is assayed by 

. electrooxidizing the non-Ieachable ferrocyanide anions to non-leachable ferricyanide 

25 ainoiis and measuring the total charge passed. 

Those skilled in the art willjecognize that there are many different 

reaction mechanisms that will achieve the same result; namely the electrolysis of an 

analyte through a reaction pathway ihcoipbrating a redox mediator. Equations (1) 

and (2) are a non-limiting example of such a reaction. 
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Inaprden«lembodiWoftheinvenUoh^ .- 

det«mi„e the concentration of the analyte. IWs .neasurement technique utUizes 
inme^tmeasi^^entspbtaineaat^^^^^^ 

analyte concentration, llesecment^^ . 
5 obtain the amount of charge Q, passed ,o or^m the electrode. Q is then usedto 
calc?date theconcentralion of the analyteby the follovwing 

[analyte] = Q/nFV (3) 

where n is the number of electron equivalents required to electrolyse the analyte F is 
Faraday's constant (appro)dmately 96,500 co^^^^^ 
10 volumeofsampleinthemeasurementzone. 

In one embodiment of the invention, the analyte is c6^^^^ 
nearly completely electrolysed. TT^e charge i? then ^^^^^^ . . 

measm^ents made during the elcctrochemic^ re^^^^^^ 
analyteis deteipin^ n^g equ^tiort (3). The comple^^^ 
15 "^-^tionistypicallysignaledwhenthecurrentreache^ . 
mdrpates that all or nearly all of the analyte has been electrolysed. For thi^ type of 
measurement, at least 90% of the analyte is typically electro^ 
least 95% of the analyte is electrolyzed and, more preferably, at least 99% of the 
analyte is electrolyzed. 

- 

• ^^'^•^•"^^od it Mesirable that the analyte be electrolyzed 

quicWy. TT,e speed of Uie electrochemical reacUon depends on several ^ 
deluding the potential that i^att,lied betv^^ 

reactions (1) and (2). (0*er signifKa„tfecton.m^^^^ 

zone and the presem^e of sorbent m the measurem^t zone.) In general, the lar^^ 
5 potential, the larger the cunrent through the cell (up to 

maximum) and therefor^ the faster the reaction will typically occur. However if • 
the potential is too large, other electrochemical reaction may introduce significant 
mormthem^surement. Typically, the potenUal between the electn>des as well as 
the specific redox mediator and optional second electron transfer agent an. chosen so : 
that the analyte will be almost completely electrolyzed in less than 5 minutes, based 
on the expected concentration of the analyte in the sample. Preferably, the analyte 
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will be almost completely electrplyzed within about 2 minutes and, more jpreferably, 

within about 1 minute. 

, • , . • . ■ - • ■ ■ 

... ■ . . '....*--. 

In another eml^nnent of the invmtion,^^^^^ 
• . * ■ ' • . * * ■ ' . ■ . * ■ * . . " . • ' 

electrolyzed The current is mibasured'duting the p^al reaction aiid then 

• ' '■ ' " " . * . ' ' . 

5 extrapolated using mathematical techniques known to those skilled in the art to 

determine the current curve for the coinplete or nearly complete electrolysis of the 

. analyte. Integration of this curve yields the amount of charge that would be passed 

if the ahalyte were completely or nearly completely electrolyzed and, using equation 

* • . • • • ' 

(3), the concentration of the analyie is calculated. 

iO The above. described metjiods. are based on coulometric analyses; diie 

- * ' • ■ ' . " .• . ' 

. to the advantages of coulometiric measurements, as. described hereinbeldw.. 
However, those skilled in the art will recognize that a sensor of the invention may 
also utilize potentiometric, amperometric, voitrnnmetn^ 
techniques to determine the concentration of ah analyte in a sample. There are, 
IS howev^r^.disadvantages to using some of these technic The measurements 

obtained by these hoiw:oulometric methods are hot temperature indi^ndeht as the . 
current andpotential obtaihed by.the electrolysis of an analjrte on an electrode is 
very sensitive to sample temperature. This presents 

a sensor which will be used to measure bioanalytes and other sahiples at unknown or 
20 variable temperatures. 

• * * • ' ' - . 

In addition, the measurements obtained by these non-coulohietric 
electrochemical- techniques are sensitive to the amount of en:^me provided in the 
sensor. If the enzyme deactivati^ or decays dvl^ time, the resultih 

• ■ 

v^ll be afT^ted. This will limit the shelf life of such sensors.unless the 
25 very stable. 

Finally, the measurements obtained by non-coulometric 

• • ■ • . • " . 

electrochemical techniques such as ampeirometry will be negatively afTected if a 
substantia] portion of the analyte is electrolyzed during the measurement period. Ah 

accurate steady^state measurement can not be obtained unless there is sufficient 

■••,-■». _ . ■ " 

30 analyte so that only a relatively small portion of the analyte is electrolyzed during 
the measurement process. 
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. The electrochemical technique of couJoinfetry overeomes these 

. PK,blems. Couloinetxyis a method f^^ 

P'«J«^f<topassdunngconipleteor«^lycpB,pleted^^^^^ 

One coulon^etric techdque involves elect«,I,zing the ax^alyte on a >v6rking ele^ode 
5 «°d/»«a«»ingtheT,sidting^c^^ 

^!^^««»t«r6or„K>reti«..esd^^ 

when the cun^ ^hes a steady state. Tl^e charge used to electrotyze the sample is 
then calculated .by integrating the measured ct«rei,t3 o 
, as duectly related to the amount of analyte ia the ^ 

10 dependence of the measurement Inaddition,theactivity of the ,tdoxn,ediator does 

notafFectthevalueofthemeasuremenVbutbnlythetimerequiredtoobto^^ 
^^'^^^^ta-e. less active redox mediator requfr^ 

complete electrolysis of the sample) sothat decay of the mediator over time^ 
i^der th^ai^ concentration deternm^,^^^^ 

15 Pftheanalyteinthesainplebyelcctrol^^^^ 

ohj^e of the technique. (However, the analyte need not be^c^^^^^ 
electrolyzed if the elertn>lysis curve is extrapolated ta^ 
curtre based on iwll-laiown dectrocW 

Foe couiometiy to be an effective measurement technique for 
detennining the concenlraUon of an analyte in a sample, it is necessary to accurately 
detennine the vohm^e of the measured san^ple. Unfortunately, the volume of the . 
sanq>le in the measiffeinent zone of a small volume 
^CioKter)n.ay be difficult to a^^ 

tolerances of one or n^pr^ dimensions of the measuronent zone may have si^ficant 
\ variances. 

'. ' * . . - ■ • • 

• * 

Air-oxidizaUe Redox Mediators 

« • - 

Another source of error in a coulomelric sensor is the presence of 
electrochemical reactions other than those as^^^^^^ ir^^sen^ ■ • 

having a redox mediator, a potential source of measurement error is the pr««nce of 
redox mediator in an unknown mixed oxidation state (i.e., mediator not reproducibly 
m a known oxidation state). Redox mediator will then be electrolyzed at the 
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electrode, not in response to the presence of an .analyte, but simply due to its initial : 

oxidation state. Referring to equations (1) and (2), qurrent not attributable to the 

oxidation df biocherhical B will flow due to oxidation of a portion of a redox- • 

niediator. A, that is in its reduced fojrm prior to the addition of the sample. Thus, it 

■■.■*•.'.'•' 
5 is important to know the oxida^tion state of the analyte prior to introduction of the 

sample into the sensor. Furthermore, it is desirablethatall or nearly all of theredox 
mediator .be in a single oxidation state prior to the introduction of the sample into the 
. sensor. = . ' 

Each redox mediator has a reduced form or state and an oxidized 

10 . form pr state. In one aspect of the invention Jt is preferred tfa^tthe.a^ 

■ . 

mediator in the reduced form prior to the introduction of sample be significantly 

. smallCT than the expected amount of ajpal^^ 

significant background contribution to the measured current In this embddimeAt of 

the invention, the molar amount of redox mediator in.the reduced foitn prior to the 
•• " . •. . ^ • • . . 

1 5 ihtroduction.of the analyte is preferably less than,, on a stoichiometric basis, abdut 

1 0%, and more preferably less than about 5%, and most preferably less than I of . 

•. - ' ' ■ . ' • . 

the molar amount of analyte for expected analyte concentrations. (The molar 

'" . ■ * 

amoimts of analyte and redox mediator should be compared based oil the 

stoichiometry of the applicable redox reaction so that : if two moles of redox 
■ ' * . ■ ' • . * 

20 mediator are needed to electrolyze one mole of analyte, then the molar amouiit of 

redox mediator in the reduced form prior to introduclSbn of the analyte is preferably , 

less than 20% and more preferably less than about 1 0% aind most preferably less 

than about 2% of the molar amount of analyte for expected analyte concentrations.) . 

■ ' * • . ■ ■ ■ ' . 

Methods for cpntrpUing the amount of reduced mediator are discussed below. 

* * . " ' ' ■ ■ 

25 . In another aspect of the invention, it is preferred that the relative ratio 

of oxidized redox mediator to reduced redox mediator prior to introduction of the 
sample in the sensor he relatively constant between similarly constructed sensors. 
The degree of variation in this ratio between similarly constructed sensors will 
' negatively affect the use of a c^ibration curve to account for the reduced mediator^ . 

* ■ - - ^ ■ . 

30 as significant variations between sensois will make the calibration less reliable. For 
this aspect of the invention, the percentage of the redox mediator in the reduced form 
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prior to intrpductioh of tte^^^^ 

preferably less than about 1 0% betvve« sim^ 

(^method of controUingtheamoimt of ml^^^ 
prior to the introduction of tte sample in the sens^^ 

oxidize t^ reduced form of the mediator. One of fte most convement oxidizers is 
O,. . Oxygen is usually readily available toperform this oxidizing function. Oxygen 
can be supplied by exposi,^ the sen^r tp air. In addition, most polymers and fluids 

absorbp^fromtheairunlessspecialprecautionsarel^^^ Typically, at least 90% 
Ofanair-o«dizable(i:e,6,oxidizable)med«^^ :.' 

storage or exposure to air for a useful period of ti,ne.e.g.^ ! 

preferably, one week or jess, and, more preferably, one day or 
. S^^^We mediators which ae both air^^ 

and have dectron transfer capabilities have lx«n des^^ . 
_ P-^<^»J^ Wy of uselW mediators are o^^^^ 

or bprnicl to ligands wifl, one or more nibogelH^ntaining ^^^^^^^ 
particular.<^umconiplexedwithmonp-,di-, 

moncK, di-, and pp|yalkoxy-1.10-phenanthroline. where the^^^^^^^ 
carbon to oxygen ratio suffidem to retain solubility inwater, are air-oxidizable. 
These osmimii complies typically have two sutetituted bipyridine or substituted 
phenanthroUneligahds, the two ligands notnecessarily being identical. TTiese 
osmium cpr^plexes arefurther complexed with a polymeric ligand with one or more 

lutrogen-contampg heterocycles. such as pyridine and imid^^^^ 

polymeric ligands Include poly(4-vinyI pyridine) and, more prefembly. poiyO-vinyl 

imidazole) wr copolymers thereof. Os(4,4'Klimetho;qr-2.2%bipyridine],cr''^ 

complied with a poly(l-vi„yl h„idazole) or poM^^^^ 

to be particdarly useful as the Os^^ cation is oxidizable by O, to 

i^ults are expected for complexes of Os[4,7-dimethoxy-1.10-phenant^^^^^ 

and other mo™,-, di-. and polyalkoxy bipyridines and phenanthrolines. with tiie same 

polymers. 

• A complication associated with air-oxidizable mediators arises if tiie 
air oxidation of the redox mediator is so fast that a subslanlial portion of the analyle- 
r^luced redox mediator is oxidized by 0, during an analyte assay. This will result in 
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an inaccurate asfsay as.the amount of analyte.will.be underestimated because the 

mediator vnll be oxidized by the oxidizer rather than by electrdoxidation at the 

... ■ _ " ' " . • * * 

electrode. Thus, it is prefeired that the reactioii of the redox mediator with O2 

. proceeds more' slowly than the electrooxidation of the mediator. Typically, less than 

• * • ' . ■ • ' ■ * • * * 

5 S%, and preferably less than 1%, of the reduced mediator sho\ild be oxidised by the 

oxidizer during an assay. . . • . . 

. . . ■ . • . . ' - ' 

The reaction rate of the air oxidation of the mediator can be 

controlled through choice of an appropriate cornplexing polymer- For exaniple, the 

oxidation reaction is niuch faster for Os[4,4Miffleth6xy'-2,2*-bip^dine]2Cr^^ 

1 6 coordinatively coupled to poIy(l -Vinyl imidsizole) than for the saine Os cbniplex 
coiipled to poly(4-vihyl pyridine). The choice of an appropriate polymer will 
depend on the. expected analyte concentration and the potential applied between the 
electrodes, both of which determine the rate of the electrochemical reaction. 

Thus, in one embodiment of the invention, the preferred r 

IS. mediator has the following characteristics: l)themediator does not react with any 

molecules in the sample or in the sensor other than the analyte (optipnally, via a 

- *. • . • - • . . . ■ 

- ■ . ■ ■ 

second electron transfer agent); 2) nearly all of the redpx mediator is okidized by an 
oxidizer such as Osprior to introduction of the sample in the senson and 3) the 
oxidation of the redox mediator by the oxidizer is slow compeared to the 

20 electrooxidation ofthe mediator by the electrode. 

. ■ •. . • ■ - • 

. Altoiiatively , if the redox Qitediator is t6 be oxidized in the presence 

ofthe analyte land electrorediiced at the electrode, a redUcer rathdr than an oxidizer 

« . .• . . ... . • ■ 

would be required. The same considerations for the appropriate choice of reducer 

' • .. 

an<;l mediatorapply as described hereinabove for ^^^^ 
.25 / The use of .stable air-oxidizable redox mediators in the 

electrochemical sensors of the invention provides an additional advantage during 
storage and packaging. Sensors of the invention which include air oxidizable redox 
mediators can be packaged in an atmosphere containing molecular oxygen and 

* * ' ' - " * • ' ' 

• • ■ ' * 

stored for long periods of time, e.g., greater than one month, while maintaining more 
30 than 80% and preferably more than 90% ofthe redox species in the oxidized state. 
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Optical Sensors 

llie air-oxidizable redox species of the 
in other ^ of sensors. The osmium complexes deSaiM I«hunabove are suilaWe - 
for use m optical sensors, due to the difference in the ^ 
fluorescence characteristics of the completed Os^ and O^^^ 
transmission, reflection, or fluoresc««e measuremente of the redox species WiU 
conelate Mdth the amount of analyte in the sample (alto 
ahd the redox q«cies. either direcUy. or via a s«^^^ 
anenzyme). this configuration, Ae molar amount of redox 
IQ g^ter,onastoichiometricbasis,.thantbemolar^^^ ,.; . 

measurement zone of the sensbn 

standard optical sensors, including light-guiding optical fiber s^^ 
and measurementtechniques can be adapted for use vvith the 9^^^^ / 

mediators For example, the optical sensors of the invention may -m^^^ 
15 transmittingorlightrrflectingsupportonwhichtheair^x^^ 

aridpreferably an analyte-regKJnsive enzyme, is coated to fonn a fihn. Tb^ 
filmforms one botrnda^r for the measurement zone in which the sample is placed. 

Ilie other boundaries of the measurement zone are determined by the CO 
of the cell. Upon filling the measurement zone ^ an analyteicont^^^ 
20 reduction of the air-oxidizable mediator by the analyte. preferably Via reaction ^th 
the a„alyt<^.responsive enzyme, causes a shift in the mediator's oxidation state that is 
detected by a change in the light transmission. absc»ptio,^ or reflection spectra ox in 
the fluorescence of the mediator at one or more wavelengths of Ught 

25 Multiple Electrode ISensora and Calibration 

Multiple electrode sensors may be used for a variety of reasons. For 

example, multiple electrode sensors may be used to test a variety of a^^^^ 
angle sample. One embodiment of a multiple electrode sensor ha^ 
sample chambers which in turn may contain one or more working electrodes 22 with 
30 each worldng electrode 22 defining a different measurement zone. Oneorinoreof 
the working electrodes have the appropriate chemical reagents, for example, an 
appropriate enzyme, to test a furst analyle and one or more of the remaining working 
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electrodes have appropriate chenuca] reagents to test a second analyte. For example, 
a multiple electrode sensor might include 1) one or more working electrodes having 
glucose oxidase in the sensing layer to determine glucose concentration and 2) one 
or more workmg electrodes ha\ang lactate oxidase 
5 lactate concentration; OthCTCombinati^ 

. Multiple electrode sensors may also be used to improve the precision 

• . •'.''..* • '. • ' 

of the resulting readings. Th^ measurements from each of the working electrodes 

...... p ■ • . 

(all or which are detecting the $ame analyte) dm be averaged together to obtain a 

' , ' . - ■ ' . * 

more precise reading. In some cases, measurements may be rejected if the . 
1 0 difference between the yaliie and the average exceeds a threshold limit. This 

threshold limit may be, for example, detennined based oh a $tat]Stical parameter, 

such as the standard deviz^tion of the averaged measurements. The average may then 

be recalculated while pmittiig the rejected valueis. Furthermore, subsequent 

readings.fiom ^ electrode that produced a rejected value may 
15 teste if it isasstimed that tfieparticutocleclr^ 

eleptrode may be rejected only after having a predetermined number of teadiri^ 

rgected based on the feaduigs jBnom the.pther electro 

In addition to using multiple electrode sensors to increase precision, 

* ■ • * ■ ■ < " * 

multiple measurements may be made at eiach electrode and averaged together to 
20 increase precision. This technique may also be used with a smgle electrode sensor to 
increase precision. 

Errors in assays niay occur when mass produced sensor are used 
because ofvariations in the volime of the measurom Two of 

the three dimensions of the measurement zone, the length and the width, are usually 

. • ■ ■ , • 

25 relatively large, between about 1-5 mm. Electrodes of such dimensions can be 

» . "■•**.. 

readily produced witfi a variance of 2% or less. The submicrolit^ measurement 
zone volume requires, however, that the third dimension be smaller than the length 

or width by one or two order of magnitude. As mentioned hereinabove, the 

• . • ... _ • • , 

thickness of the sample chamber is typicially between about 0.1 and about 0.01 mm. 
30 Manufacturing variances in the thickness may be as large or larger than the desired 
thickness. Therefore, it is desirable that a method be provided to accommodate.for 
this uncertainty in the volume of sample within the measurement zone. 
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- In orie embodiment of the invention, depi cted in Figure 5, multiple 
M^rKngeIecln)des ,42,44,46arepr{n^ These electrodes - 

are covwd by another base, not shown, which ^ counter electrodes, not shoiwi, ^ 
d^^ tipon it to provide multipk facing ele^^ 

separation distance between the working electrode and Ihe countt^ eiectrode among 
the electrode pairs on a given sensor is significanUy reducedi because the working 
electrodes and counter: electrodes are each provided ona s^^^^ . 
spacer 28 between «|ach electrode ^I^^ . . 

One cxainple of a inulUple electrode sensor that can be us^^^^^^^ 
accurately detemune the volume of the measurement zones of the electrode paus and 

also useM in i«lucing noise is presented herein. In tW^ 
wkmg electrodes 42 is prepared with a non-leachable redox me^^^^ 
leachable second electron transfer agent (e,g., an enzy^ Sorbent material may be / 
disposed between that working electrode 42 and its corresponding counts elechodei ' 
Anoth^workmg electrode 44 includes non^leachable redox mediatory biit no second 
electron trapsfer agait on Ifae electrode. Agaiii. this second elefctrode pair may have 
sorbent material between the working electrode 44 aid the corresponding counter 
electrode, An optional third working electrode 46 has no redox mediator and ho 
second electron transfer agent bound to the electrode, nor is there sorbent material 
between the working electrode 46 and its corresponding counter electrode. . 

Thethickness of the sample chamber can be determined by 
measuring the capacitance, preferably in the absence of any fluid, between electrode 
46 (ot any of the othCT electrodes 42, 44 in the absence of sorbent material) and its.. 
correqwnding counter electrode. The capacitance of an electrode pair depends oir 
25 the surface area of the electrodes, the interelectrode spacing, and the dielectric 
constant pfthe material between the plates. The dielectric constant of ait is unity 
wMch typically means that tee capacitance of this ek^^ 
picofarads (or about lOQ picofarads if there is fluid between the electrode and 
counter electrode given that the dielectric constant for most biological fluids is 
approximattly 75). Thus, since the surface area of the electrodes are known, 
measurement of the capacitance of the electrode pair allows for the determination of 
the thickness of the measurement zone to within about 1-5%. 
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' . The amoimt of void volume in the sorbent material^ - 
detennined by measuring the capacitance, between el^^ 

■ • • ■ . ■ ... 

second election transfer agent) and its aissodated counter electrode^ both before and 
after fluid is added. Upon adding fluid, the capacitance increases markedly ^ce thb 
5 fluid has a much larger dielectric constant. Measuring the capacitahceik>tb \vith ^d 
without fluid aUows the determination of the spacing between the. 61etir6des and the . 

• » < * - ^ 

void volinpe in the sorbent, and thus the volume of the fluid in the reaction zone. 

The seiispr enror caused by redox mediator in a noh^um&rxn . 

'"•»■" ■ ■ * ■• • •' 

. oxidation state prior to the introduction of the sample cs^ 

*• . ■ ■ .* • .• • 

1 0 concurrently electrolyzing the sample in the measur^ent zones that are proximate 

■ - ■ » 

electrodes 42 and 44. At.electrode 42, the aiialyte is electrolyzed to provide the • • 
sample signal. At electrode 44, the analyjte is not electrolyzed because of the ■ 
absence of the second electron transfer agent (assuming that a second electron . 
transfer agent is necessary). However, a small charge will pass (and a small ciure^t 

15 will flow) due to the electrolysis of the redox mediator that wasin a miked oxidatioh 
state (i.e., some redox center in the reduced state and some in the oxidized state) 
prior to the introduction of the saoiple. . The small charge parsed betwi^h the 
electrodes in this second electrode pair can be subtracted from the charge passed" 
between the first electrode pair to substantially remove the errdr due t6 the oxidation 

20 state of the redox mediator/ This procedure also reduces the ertqr associated with 
other electrolyzed interferents, such as ascorbate, urate, and acetaminophen, as well 
as etirors. associated with capacitive charging and faradaic currents. ■ 

CHher electrode configurations can also use these 

. • 'i .* ■ • • " ' ' • ' , ■ • . , ' ■ 

capacitance measurements and coulometric measurements in thie absence of a critical 
25 component) to reduce background noise and error due to interferents and imprecise 
knowledge of the volume of the interrogaited sample. Protocols involying one 6r 
more electrode pairs and one or more of the measurements described above can be 
developed and are within the scope of the invention. For example, only one 

electrode pair is needed for the capacitance measurements, however, additional 

• ■ * ■ . 
30 electrode pairs may be used for convenience. 
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■'EXAMPLES; \ 
The kvention wiU.be furtijerc^^^ 

hasb^nlu%3etfox1hi„thefbr.goi«gd^^^ . 
of the mverition a» apparent to those ski«ed in the art . ' . 



Examptel 

Prjaration of a Spall Volume /« Sensor 
for the ©etemination of Ghicose Coiicentra«oii 

mv^tiond^iPted inFig^, ,. Be worldng electrode .vas constructed on a Myl^ 
filn^CDuPontXtheMylar-fihnhavb^^^ 

about 2J en. ^ approxinmtely ,2 micron thick carbon pad having a diameter of 

about 1 cm screen printed on the Mylar^fihn. The cartel ^ 
oyeHaid^th^v^er^l^je^^^^ 

12 jun, and a 4 mm diameter opening in the center. 

The center of the carbon electn>de, Which >vas not coVered by the 
dielectric, ^coated with a redox mediator. 11« redox mediator was formed by 
complexingpolyd-vinyl imidazole) with Os(4.4>-dime.hoxy-2,2'-bipyridine),d 
followed by crpss-linldng glucose oxidase .^th .he osmimn ^^^^^ 
PPlyethylene glycol diglycidyl eth^ as descHbed in Taylor, et al., J: me,t,oa„al 
Chem., 396.511 (1995). Tl^e ratio of osmium , o imidazole lunctionalities in the 
redpxmediatorwa«approximately l:i5. Theme*^^^ 

worlang eleCrode in a laye. ha«ng a thickness of 0.6 ^m and a diameter of 4 mm 
The coverage of the mediator on the electmde ^ about 60 j.g/cm^ (dry weight). A 
spacermMerialwasplacedontheelectrodesurzoundingthemed^ .. 

surface of the electrode. The spacer was made of polKtet^^^^ 
and had a thickness of about 0.040 mm. 



0 



A sorbentmaterial was placed in contact with the mediator-covered 
surface of the working electrode. Tl.e sorbent was made of nylon (Tetko Nitex 
nylon 3-10/2) and had a diameter of 5 mm, a thickness 6f 0.045 mm. and a void 
volume of about 20%. TT« volume of sample in the measuremem zone was 
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calculated from the dimensionis and cbamcteristics of the sorbent and the electrode. 
The measuiement zone had a diameter of 4 mm (the diameter of the mediator 
covered sar&ce of the electrode) and a thickness of 0.045 mm (thickness of the 

* 

nylon soibent) to.give a volume.of 0:57 pL, Of this space, about 80% Syas filled 
5 wth nylon and the other 20% void space within the nylon sorb^^ This 

resulting volvime of sample within the measurement zone was about Oi 11 ^L. 

A counter/reference electrode was placed in contact with the spacer 

md the side of the sorbent opposite tb the working electrode 

electrodes were facing each other. The counter/reference electrode was constructed 
10 on a Mylar™ film haying a thickness of 0; 1 75 mm and a diameter of about 2.5 cm 

onto vvhich a.l2 micron thick layw of silvo-Zsilver chloride having a diameter of* 

• ' • * " • ■. . ' 

about 1 cm was screen printed; 

The electrodes, sorbent, and spacor were pressed together using plates 

on either side of the electrode assembly. The plates were formed of polycarbonate . 

1 5 / plastic and; were securely clamped to keep! the sensor together. The electrodes were 

Stored in air for 48 horns prior to use. 

Tabs extended from both the working electrode and the 

coimtei/reference electrode and provided for an electrical contact with the analyzing : 

eqiupment ; A potentiostat was u:^ to apply a potential difference of +200mV 

20 between the working and coohter/reference electrodes, with the working electrode 

being the anode. There was no ciirrent flow between the electrodes in the absence of 

sample, which was expected, as no conductive path between the electeodes was 

* * 

present , / • . . • 

The.sample was introduced via a small, tab of nyl^^ 

25 fomied as an extension from the nylon sorbent in the sample chamber. Liquid was 

wicked into the sorbent when contact was made between the sample and the sorbent 

tab. As the sample chamber filled and the sample made contact with the electrodes, 

current flowed between the electrodes. When glucose molecules in the sample came 

• ••" ■ • ' ■ • . ' 

in contact with the glucose oxidase on the working electrode, the glucose molecules 

•■*'-.• . . 

30 were electrboxidized to gluconolactone. The osmium redox centers in the redox 

» , - ^ ' . 

mediator then reoxidized the glucose oxidase. The osmium centers were in turn 
reoxidized by reaction with the working electrode. This provided a current which 
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was measmed and siiiKJteneously integ^^ 
. Applied Research Model #173) 

The clectrochemi(^ reaction wntm^^^ untU the cunent readied a 
steadystatevaloewhichiiKHcatedthatg^^ .' 

electroreduced. The ciment curve obtamed by m 

specif intervals was integrated to determine the amo^^ 

the electrochemical reacUon. These charges were then plotted versus the kno^ 

glucose concentration to jwoduce a calibration ciirvel 

the senior was tested iteing 0.5.i»L ali(^^^ 

Ipown concentratioiis of gluc^in a buffer of arti^^ 
control spn«n(Baxter.pade,Monitro^^ 

mMglncose. Tl»e artificial cerebrospinal fluid was prepared as a 
following salts: 126 niM NaC1.27.5:mMNaHCP3,Z4 n^ • 
1 J mlyi CaClj:2HA and 0.5 mM NajSQ^. 

The results of the aialyses are shown in Table 1 and in Figure 7 - In 
Table l. (^ is the average charge u^^^ 

test samples ^Figure 7 graphs the ch^e for eadb of the t«t smnples) and the 90% 
rise time corresponds to the amount pftnne required fo^^^ 
electrolyzed. The data show a sensorpredsion of 10^ 20%, indicating adequate 
sensitivity of the sensor for low glucose conpentrations* as well as in the 
physiologically relevant range (30 pg/dL - 600 pg/dL). 



ft 
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TABLE! : 
Sensor Results Usiag Ghiccoe Oxidase 







. •.■.•,Tr.'^' I ^•.-v-',".*.*.*.i*.\ 

f * -.rfK-.v #»v ->.»»• "■:>..■-<:■;•'«-: 


v.-... . - ^ i:>?Si?^..y.:A • .-.■-* -■ 


bufierofily 




9.9 ±1.8 


13 ± 6 


3 mM glucose/buffer 


■ ■■ 5 

• 


17.8 ±3.5 


19± 5 


6 mM glucose/buffer 


4 


49.4 ±4.9 


25± 3 


1 0 roM glucose/buiTer 


■" ^ 


96.1 ±12.4 


36 ±17 


15 mM gluc6se/bu£fer 

. • - • . - ..- 


• • 




56±23 


20 mM gluco^uffer 


■■ ."-4. •. 


255.7 ±41.0 

r • 

■ I ,: ■ ■ . 


62± 17 


S - .jv'^cv: - t-i^:- - . Jft>-.v: 
C-' .- ^>*.'. 2-*.' ^.ti-a- -..V. ...-?i'.^^.•^ 




: . rc q.%"t. > ;-. - • ..• . ki 

■ . .--•.-^ : =iL ■....>;"-.T 
• ..V. ^i-S:^..'- • ' •••• • 

. < • ti.. w ^ - •. •: : : ., 


.. . r-^--.%;.v.v ■ii«.''r*- "VV" 


4.2 mM glucose/serum 


•• .3. ■ • 


44.2± 4;3 


.44±.3 ;. 


.15.8 mM glucose/serum 

... ' "- 




21 8.2 ±57.5 


72±21 



l)ie average measbxd^ v^^ 

' . . ■ ' .- . • * * • . • ■ . ■ • 

one of mcMPe equations to provide a calibration curve. Figure 8 shows the calibration 

* • " . - ■ ' • *• .• . ■ 

curves for thie glucbse/biifer data of Table 1 . One of the 15 .0 mM glucose 
measurements was onutted from these calculations because it was more than two 
standard jdeviations away from the average of the measurements. The higher glucose 
concentrations (1 0-20 mM) were fit by a linear equation. The lower glucose 
concentrations were fit by a second order polynomial. 

Figure 9 shows the data of Table 1 plotted on an error grid developed 
by Clarke, et dl. Diabetes Care, 5, 622-27, 1 987; for the deteraiination of Ihe 

• . ' • • - • 

outcome pfeiTors based on inaccurate glucose concen The 
. graph plots "true** glucose concentration vs. m^ured glucose concentration, where 
the measured glucose concentration is determined by calculating a glucose 
concentiation iisinjg the calibration curvesof figure 8 for each data point of figure 7. 
Points in zone A are accurate, those in zone B are clinically acceptable, and those in 
zones C, D, and E lead to increasingly inappropriate and finally dangerous 
treatments. 

There were 34 data points. Of those data points 91 % fell in zone A, 
6% in zone B, and 3 % in zone C. Only one reading was determined to be in zone 



W05««5225 FCT/US9lWtt*52 

39 

C. This readfeg was o^scslc and is not shown in figure. 9. Thus, 97% of the 
i^ngsfeM in the clinically iacceptabie zones A and B. 

Vnie total number of Os atoms was idet^ 
Os and then electrodxidizing it with a glocose-free buffer / 

This resulted in a charge of59;6± 5.4 ^C/Comparfeon of tb^^^ 
glucose-fiee buffer result in Table 1 indicated that less^ 

reduced form prior to introduction of the sample. The vari^^ 

osmium in the reduced state is Icis than 5% of the total quantity of osmium present. 
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Example 2 

Response of the Glucose Sensor to Interferents 



. A sensor constructed in the same manner as described above for ^ 

Example 1 was used to detemine the sensorVreq)onse to TTieprknaiy 
15 electrochemipal interferents for Wood glucose measmements are asc6rbate. " 
acetaminophen, and urate, the normal physiologicai of therapeutic (in the case 6f 

acetaminophen) concentrationranges of these cbnmioh interfe^ 
ascorbate: 0.034 - a.J 14 mM 

acetaBohiophen: 0.066 - 0.200 mM 
20 irate (adult male): 0.27 - 0.47 mM 

Tietz, in: r«/Ado* a/C//«to7 CA^^^^ 

Saunders Co., Philadelphia 1994, pp. 2210-12. 

Buffered glucose-free interferent solutions were tested with 
concentrations of the interferents at the high end of the physiological or Aerapeiitic 
ranges listed above. The injected sample volume in each case was 0.5 jil! A 
potential of tlOOmV or +200 mV was applied between tiie elebtpdes: The average . 
charge (Q^ was calculated by subtracting an average baqkground current obtained 
from a bufier-only (i.e., interferent-iree) solution from an average signal recorded 
with interferents present The resulting average charge was compared with the . 
signals from Table 1 for 4 mM and ) 0 mM glucose concentrations to deteimine the 
l»rcent error dial would rrauh from the interferent. 
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TABLE2 

Interferent Response of Glucose Sensors 



;-"-* '5: . ■'^Solution:. :>-r - v. -x^ 




V-"- -''^^ ~T*C' * 






^mM.ghicdSe': 


• 

■ u. 1 1^ nuyi 3scor Daie * 

■ • ^ , • • 


inn 


VI" 




2% 

• • 




U: 1 1 4 mM ascor bate 


200 


4 


-0.5 


2% 


<i% 








t; : • ; ■ " 'V^v L' : f .- ■ " 

■'■»■• S*'*-'^ •» ••• 
v^^'-.y•.K>•-•?•S*r.^■: .r-^. . 




IwJbr ^.^ .•v:?i;'. 

I'w-J-W ,•....■.>■-•.■.• 

■•-.■.'■>.•.•.•!.: 


• 0 J2 mM acetaminophen 


100 

« 


4 


0.1 


<i% 


<1% 


0.2 mM acetaminophen ] 


: 200 


4 


1.0 


■ 5%- 


1% 


: . ••• . • 


y f*V . ; '.. vn 

' •• J^. . - 
Vi r."c' Z' 


^ •! " 


*»• ■ ..- .» 
• " ' / _ 




:•. • - •. . ■. 

t.T . 

: . . "v 

-.•:.-x. •. 


0.47 ihM urate 


100 

• • * 


;4 . 


6.0 


30% 

* 


7%; 


0.47 mM urate 

... 


200 


4 


18.0 


90% . 


21% 



5 Thesj^ results indicated that a^corbate^ 

significant interferents for the glucose sensor coi^ 

potential measurements. Ho\vever, urate provided: significant interfei^^ This 

• - ■ * « ■ 

interference can be minimized by calibrating (he sensor riesponse to a urate 
concentration of 037 mM, e.g.i by subtracting in appropriate amomt of cl^ 

1 0 determined by extrapolation from these results from all glucose measurements of the 

■ • . . • • . . ... 

sensor. The resulting error due to a 0.10 mM variation in^i^ 

range of urate concentration is 0.27 - 0.47 in an adult male) woiild be about 6% at 4 

' ■ • " " ■ ■ . . .' - • . ■ . " 

mM glucose and l OOmV. 

■ - ' • 

* * * ■ . • 

15 Examples 

Sensor >vith Glucose Dehydrogenase . 
A sensor, similar to that described for Example 1 was prepared and 
used for this example, except that glucose oxidase was replaced by pyrroloquinoline 
quinone glucose dehydrogenase and. a potmtial of only +1 00 mV was applied as 
20 opposed to the +200 mV potential in Hxample 1 . The results are presented in Table 
3 below and graphed in Fig. 10. 
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TABLES 

Sensor Results Using Glucose Dehydroge 



nase 







• ■ • 




buffd* * 




21.7 db 5.2 


14±3 ^ ] 


3 mM glucose/buffer 

• 




y6.9il5.0 


24±6 1 


p mM glucose/buffer 




190:6 ±18.4 


r 26±6 1 


1 0 mM glucose/buJBfer 


4 


' 327.8 ±69.3 . 


42 ±9 j 


• " * ■ ■ 





; The results 

deh3^g.nasesen«>rwa.m«chl^gertl«„forU*eo^^^^ 
sen««r,<*peciaUyfor,owc^^^^ 

.10 thereby reducing the ejects dfi^terf^^^ . 

-e^oppo^.d^e,^^^ 

cal.brat.o„«^eisgreatlyp„fe*^,osi.p,ily 

^ Also, assuming that the interfexem results fi.™ Table 2 are applicable 

for d..s sensor, al, of U.e interferents would intr^^^ 
mM ghicose solution at a potential of 1 00 mV. 
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• ExaBjpIc.4 
BetemiiniittoB of Lactate Gbncent«tion In a Fluid Strtam 

..... • - ■ 

Tte sensorrfihfa ExampteTO conslrucled »a,,g a Ween 
CB«,A,al,UcdS,sfa.^toe. ''Mf-l<>M)wiU,ag..«,eart».e.ee»«le. Aredox 

c«W „. «,e elect^ie ef U» fl.^ eeU> 
ta*.»ea^«>e^x„^ia,„„,,,^,,„„,^^^^__^^ ^^^^^^ 

^da^ele) 0^4,4-.di„e.h,J.y^bip^^CI,»i* a«„ „f ^ ^ 
-en-15 «aida»le tac,i„^fo, e„«s:iinked vriU, tt„= 

polymer via p„.,ea,,te gl,eol dig„.id,l ^. TV ^„ ^ ^ 
eleet^de a cove^ge of 500 .g/orf a.d a tekness of 5 ^. Ue „.edia.„, ™s 
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covered by a polycarbonate ttack-etcbed membrane (Osnibmcs-Poretics # 1 0550) to 
hnprove adherence in the flow stream. The monbrane ivas then overlaid by a single 
SO pm thick spacer gasket (BipAnalytical Systems, Inc.. #MFrl062) containing a 
void which defined the sample chamber and corresponding^ measurement zone. 
S Assembly of the sensor was completed by attachment of a cell block (BioAnalytical 

/Systems, Inc. #MF- 1 005) containing the reference, and auxiliary electrodes of the 

. . . ' . ■ • • . ■■ ■ • 

flow cell. 

. ■ • . ". . • - . * 

The sainple chambermthis case corresponded to a 50 

cylinder (the thickness of the spacer gasket) in cpntactwi& a rh^ • 

■ - -■ » • • . ' 

*• •-.*• '■ ■ -. * 

10. electrode having a surface area of 0.03 1 cm^ The cialculated volume pf sample in 

' ^ ■ -• ■ * ■•• 

the measiiremeiit zone of this sensor, was approximately 0.16 pL. 

The flow rate of the fluid stream was 5 ^iL/min. A standard three 
electrode potehtiostat was attached to the cell leads and a potential of +200 hiV was 

applied between the redox mediator-coated glassy c^ 

. • .* **.'''.■ • • * ' • • . 

15 electrode. This potential was.sufficient to drive the eiizyme^inediated oxidatioii of 

lactate. - . 

As the fliud stream flowed through the seiisor, a steady-state cunre^ 

• ■ " . • . . • * .' ■ _ • 

proportional to the lactate concentration was measured. At periodic intervals the 

■ • ■ • ' - ' * • • ■ . ■ . . 

fluid flow was stopped and current was allowed to flow between the electrodes until 

, .• * " ." .- 

20 approximately all of the lactate in the measurement zone was electrooxidized, as 
. indicated by the achievement of a stabilized, steady-state current. The total charge, 
Q, required for lactate electrooxidatiori was found by integration of the diiferential 
current registered flom the flaw stoppage until the current reached ^a steady-state. 

Tbe concentration was then calculated by the following equation: 

. ■ . - ■ 

25 [lactate] = Q/2FV (4) 

. • . . • ' • 

. where V is the volume of sample within the measurement zoncf and F is Faraday's 

■ » ■ ■ ■ 

constant. 

This assay was performed using lactate solutions having nominal 
lactate concentrations of 1 .0, 5.0, and 1 0.0 mM. The nieasured concentrations for 
30 the assay were 1 .9, 5.4, and 8.9 mM respectively. 
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'E^mpleS- 

DetenniBatioii of the Oxidation State of Os(4,4'-diinethow.2J»- 
bijyridine),a*« Coinptexed with iH»ty(l-vM^^ 

: A sensor having a three electrode design was conunerciaUy obtained 
firom Ecossensors Ltd., Long Hanborough. England, under the model name "krge 
area disposable electrode" Be sensor contained-paraUel and coplanar Avork^^^ 
reference and counter eiecSrodK. ll,e world^^ 
electrodes were foraged of printed carboj^and 
printed Ag/AgCl. A redoj^mediator was coated 

Theredoxniediatorwasfoimedl^complexatioflofpoly(l-vta^^^ . 
Os(4,4'^ethdxy-2,2'.bipyridme),Cl, in a ratio of 1 5 imidazole groups per Os 
cation foUowed by cross linking the osmiinn ppty^^^ 
15 polyediylene glya)ldiglycidyl ether, i 

The electrode was cured at room temperature for 24 honrs. the 
bqplanat acctHkle array was then immersed in a b^^^ 

potential of +200 mV (sufficient for coiivension of ^^^^ 
betwam the working dcctrode and the reference electrode. 

Upon apphcation of the potenUal, an undetectable charge of Jess than 
1 MCwaspassed; Subsequehtreduction and reoxidationofthenxlox mediator 
yielded a charge for conversion of all Os from OsQl) to OsOII) of 65 pC. Therefore, 
more than 98% of the Os cations in the, redox mediator were m the d^ired oxidized 
Os(in) state. . 
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Example 6 

Determination of the Oxidation State of the Os(4,4»-dimetboxy-2^»- 
bipyridine),a*'^» Complexed with poly(4-vinyl pyridine) 

A similar experiment to that of Example 5 was conducted with the 
same working/counter/reference electrode configuration except that the.redox 
mediator on the working electrode was changed to a complex of Os(4,4'-dmiethoxy 
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2,2'-bipyridiiie)2Cl2 with poly(4-vinyl pyridine), with 12 pyridine groups per Os 
cation, cross linked with glucose oxidase via polyethylene glycol diglycidyl ether. 

' * * • ' • * • * 

srasors werc constructed. The electrodes of the two s^^ 
Were cured at room temperature for 24 hours. The electrddesi weire then inunersed in 
5 . a buffered electrolyte.sbhition and a potential of +200 niV was applied between the 
working and reference electrodes. . . 

' Upon application of the potential to the electrodes, a charg 

and 3.8 jiC was passed in.the two sensors, respectively. Subsequent reduction aiid 
reoxidation of the redox inediators yielded oxidation charges of 27,9 iiC and 28.0 
10 fiC, respectively. Therefore, the sensors originally contained 91% and 86% of the 
Os cations in the de^mble oxidized Os(III) state. 

• . . . ■ • • • . • . ■ ■ . • • ■ • 

Example? . 
PpticatSeiisor. 

■15 • 

Ah optical sensor is constmcted by applying a film of re^ 
with <TOSslinked enzyme onto a light-tra^ The 
quantity of redox mediator is equal to or gireater than (in a stoichiometric sense) the 
maximum quantity of analyte expected to fill the measurement zone. The spacer 

20 material, sorbeht and facing support are securely clamped. The sample chamber is 
adapted to traiismit light through the assembled sensor tp an optical density detector 
or to a fluorescence detectorJ As sample fills the sample chamber and the redox 
mediator is. oxidized, chaiiges in the absorption, traiisinissipn, reflection or 
ihioiiescence of the redox mediator in the chamb^ 

25 glucose in the siample. 

■ . ■ 

* • • * * * • 

Example 8 

Blood Volumes from Upper Arm Lancet Sticks . 

30 The foreann of a single individual was pierced with a lancet rnultiple^ 

times in order to determine the reproducibility of blood volumes obtained by this 

■ • 

method. Despite more than thirty lancet sticks in the anterior portion of each 
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ideiitiiied each stick 



for^ and the dorsal region of the left foreami, the individual 
as virfually painless. . 

nie fbrearin ^vas pierced with a Payless Color Lancet The bloQd 
from each stick was collected using a 1 ^ capillary tube, and the volume was ' 
detennmed by measuring the length of the blood column. , Ihe vohimes obtained 
from each stick ace shown below in Table 4. 



Table 4 
Volume of Lancet Sticks 




The invention has been described with refer^ice to various 
andpref^redembodimems and techmques. However, it will be apparent to oiie of 
ordinarily skiU in the art that many variations and modificatior^ may be made while 
remaining witiiin die spirit and scope of the invention. 

All publications and patent applications in this specification are 
indicative of tiie level of ordii,ary skill in. the art to which this invention pertams 

AH publications and patent applications are hercm inconx,rated by reference to the 
same extent as if each individualpublication or patent application was specifically 
and mdividually indicated by reference. 
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1. . A method for ^eterauniog a concentration of an aiial^^ 

^ • ■ ■ '. . ■ . . 

comprising the steps of: 

contacting a sample mtb an elbctrocheim 

a facing electrode pair comprising a working electrode arid a counter 
- cIcc^Htea-a ■■■■■■ 

a sample chamber for holding the sample in electrol^^ 

- • • • • •* > 

the working electrode, the sample chamber comprising a measurement zone 
positioned between the worlqng and c^imtex ele^ 
meastir^ment zone is sized to contaih a vohmle of less than aboyt 1 of 
sample; and . . ' . 

determining the concentration of the analyte in the samjple by cpuldmetry. 



2. The method of clmm 1, wherein the measurement zone is sized to contain a 
volume of less than about 0.5 mL of sample. 



3. The method of claim 2, wherein the measurement zone is sized to contain a 

* * - * 

volume of less than about 0.2 pL of sample. 



4. The method of claim 3, wherein the measurement zone is sized to contain a 
volume of less than about p. 1 pL of sample. 



5. The me^od of claim 1 , wherein the sample chamber is sized to contain a 

• *. " • 

volume of less than about 1 pL of sample. 

- ' - ■ " 

• ■ ' ■ . " . ■ ■ 

6. The method of claim 5, wh^ein the sample chamber is sized to contain a 

volume of less than about 0.5 pL of sample. • 



7. The method of claim 6, wherein the sample chamber is sized to contain a 

,* , * ■ * • 

volume of less than about 0.2 pL of sample. 
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8. The method of claim 1, wherein the step pfdetennining the concentration 6f 
the analyte comprises: 

electrolysing at least 90% of analytep^^ 
applying a ix>tential across the worlang and coimter elec^ 

deterniining an electrical ch^ge used to electrolyze the analyte- and 

Porrelatinga^ekctricalchargetviththecon^^^^^^ . 
sample. ■ '■ . ■ 



9. 



Tb. method of claim 8, wherein at least 90% of the.analyte is efectroW^d i„ 
leiK than about 5 minutes. 



10. 



lliemethod of claim 9, wherein at least 90% of the analjle is^e^ 
lesis than about 1 minute. 



11- :?^-™^ ofclaim 8, wherein .he step of detennining a^^^^^^ 
compiisfcs the Steps of: 

• ■ » • 

measuring a current generated at the worJdng electro^ 
as the analyte is eleictrolyzed; and 

integrating the measured currents over time to obtain th^ ele^ 
used to electrolyze the analyte. 



12. Tie method of claim 1, wherein the step of detennining the concentration of 
the analyte by conlometry comprises the st^s of: 

electrolyzing aportiqn of the analyte by applying apotbitial across the 
working and the counter electrode; 

measuring a cuxrem genemted at the woridng electrode at two o^ mor^ 
. during the elettrolysis; 

exiiapolating a current curve based on the measured cuixents; 

integrating the current curve over time to obtain an electrical charge 
necessary to electrolyze at least 90% of the analyte; and 
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correlating the electrical charge with the conc^tration of the ^alyte in the 

' • . • . * ■ ■ ■ 

• sample. 



.13. . . The method of claim 1 , wherein the sensor further comprises a hoh-Ieachable 

-■ . . . , ..>.-. 

enzyme on the working electrode. , 



14. The method of claim 13, wherein the eni^ine is. immobilized on the working 
electrode. 



i 



15. The method of claim I , whereici the sensor furihdr comprises a nbhrleachable 
redox mediator on the working electrode. 



16. The method of claim 15, wherein the redox mediator is immobilized on the 
working electrode. 

..... 

17. The method; of claim 15, wherein the redox mediator comprises a polymer 

* • . ■ ■ 

and a redox species ionically, cdvalently, or coordinatiyely boimd to the polymer. . 

• * 

1 8. The method of claiiri 1 7, wherein the redox species is coordinatively boraid 
to the poiymar. 



1 9. The method of claim 1 5, wherein the redox mediator comprises an air- 
oxidizable redox mediator. ... 



20. The method of claim 1 9, wherein the air-oxidizable redox mediator 
comprises Os[4,4'-dimethoxy-2,2^bipyridine]2Cr^^ or Os[4,7"dimethoxy-l ,1 0- 
pherianthrolineljCr'^^ complexed with poly ( 1 -vinyl imidazole) or poly (4^ 
vinylpyridine). 

21. The method of claim 1 5, wherein at least 90% of the redox mediator: is in an 
oxidized state prior to introduction of the sample in the sensor. 
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22. The method of claim 15,wh^ii»the Wforther comprises a „oh- 
. leachable second eJectron transfer agent on the w^^ 

. • • * ' • 

* . . 

23. The method of d 
immpKlized on the vyoiking electrode. 

• ■ ■ 

24. Tie method of claim 22, wh^^^^^ 
. comprises an enzyme. 



25. 



The.melhod of claim 24, whferein the analyteis glucose. 



26. T^e^etlMHlpfclaim 25, wherein the en^^ 

. • : ■ 

27. T^eaethodof claim l,whereinthesensorll^ercom^^ 
mat«ial disposed in the raeasuranent zone. 

■ * ■ * * ' 

28. The meihod of claim 27. wherein the step of contacting the sample with an 
electrochemicds«««>rftrthercompiises^c^^^^ . 
material to wick the sample into the measurement 



zone. 



29. lie method of claim U wherein the >vorking electrode and compter electrode 
have a separation distance of less than about 0.2 mm. 



30, T^e?>eaodofclaim29,wh«^theseparatiohdii«ancefe 
0-1 nim. 



31- The method of claim 30, wherein the separation distance is less than about 
0.05 mm. 



32. The nicthod of claim 1 . wherein the sensor comprises two or more facing 
electrode pairs. * 
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33. A metibod of defenniiiing the concentration of an anal^ ^ 
comprising the steps of : . . / 

contacting a sample with an electrochemical sensor, wherein the sensor . 
comprises a working electrode, a pon-Ieachable redox mediator on the working 
electrode; and a samjiile chamber sized to contain a volume ofless than aibout 1 jiL of 

sample in electrolytic contact with the working electrode; and - 

' * " * - " • 

deteimiiiiog the concentration of the.anaiyte in the sample by coulometry. 

34. The method of claim 33, wherein the sample chamber is sized to contain.a 

' • ' - . ' ' • • 
. volume ofless than about 0.5 of sample. 

35- The method of claim 34, wherein the sample chamber is sized to contain a. 
volume of less than about 0J2 |iL of sample. 

.36. The inethod of claim 33, wherein the redox mediato^^ 
working electrbde. 

37.. ; The method of claim 33, wherein the siensoriurUier comprises a no^ . 

..." 

leachable second electron transfer agent on the working electrode^ 

38. The method of claim 37, wherein the second electron transfer agent is - 
immobilized on the working electrode. 

. ' . ■ ' 

39i. . The rnethod of claim 37, wherein the second electron transfer agent 
comprises an enzyme.. . 

40. The method of claim 33, wherein the sensor further comprises a sorbent 
material within the sample chamber to reduce the volume of sample that the sample 
chamber is sized to hold. 

■ .• 

41 . The niethod of claim 33, wherein the redox mediator comprises a transition 
metal complex. 
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42. The method of claim 41, wherein the tranation metal, eomplex is an osmium 
iMtheniirai, iron, or cobalt com^^ 

- 

. * " • • ■ . ' • ■ ' • ' • 

■ • • • . • . . . -. ■ 

■ ■ ' ■ ' ■ . 

43. The method of daim 42. wherein the transition metal comrt^ comprise art 
osmium complex. 

44. The method ofclaim 43. wherein the osmium coinp^^^^ 
complexed with at least one Ugand having anitrogen-containingheterofc^^^ 

45. The method of claim 44, wherein the ligand hayirig a.nitrogenKX)ntaihing 
heterocycJe comprises 2,2'-bipyridme, 1.10-phenarithrDKne. or a derivative thereof. 

■ . , ■ • . ■ • • • 

' • • • ' • 

46. nw method of claim 45, wherein the ligand havrng^a nitrogens^nfainiiig 
heterocycle comjmses a mono-, di,, or polyalkoxy derivative of 
l,iq:i)heiimthn>Lne, wherein the carbon to oj^gen ratio of tfie alko;3^ fimcUonal V" 
groups is sufBciait to retain solubiUty of the transition metal complex in water prior 

• to crosslinking. 

■ ' • • • . • . - ' ' 

47: Theinethodofclaim45,wliereinthenitrogenM:ontainingheterocyd^ 
comprises 2,2'-bipyridine, 4,4'-dimethyl-2,2'-bipyridinfc, 4,4'.-dialkoxy-^2,2'- 
bipyridine. l.lQ-phenanthroline,4,7Klimethyi,l,10-phenanthroline,br4,7-dialkp 
1,1 0-phenanthroline, wherein the carbon to ojrygenratio of the alkox 
groups is sufficient to retain sohibility of the transition metal complex in water prior . 
to crosslinking. 

■ * * ■ • ' 

• • • 

48. : The method of claim 43, wherein the osmium complex comprises osmium 
cpmplexed with a polymeric ligand. 

49. The method ofclaim 48, wherein the polymeric hgandcomprisesa nitro^^ 
containing heterocycle. 
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50. . The method of claim 49, wherein tjiepolpttercpinpnsesp^^ - 
pyridine) or poly(l rvinyl imidazole). . 

• ^ ■ 

' ■ • ■ • .* . -• • • 

5 1 . Ah electrochemical sensor for determining the concentration of an analyte in 

asample, the sensor coitiprising: .. . ' . . • . 

a facing electrode pair comprising a working electrode and.a'counter 

• • • 

electrode: 

.a iion-leachabie redox mediator on fhe working electrode; and 

a measurement zone positioned betwe^ the wc»king electrode and counter 

• " ■* ' * * ■ ■ • . ■ 

electrode, wherein the measurement zone is sized to contain a volume of less than 

■ * • • • * 

about I pL of saaapie. . ; . 

52. The sensorof claim 51, wherein thie measurement zone is sized to contain a 

volume of less than about 0.5 pL of sample. 

*. . - 

, _ • • ' ■ . • 

*" • ■ ■ . . . * - . • , 

- * ■ ♦ • » ■ _ 

53. The s^isor of claim 52^ wherein the measurement zone is sized to bontain a 
volume ofless than about 0.2 pL of saii^ : ; 

54. The sensor of claim 53, wherein the measurement zone is sized to contain a 
Yolxuneof less than about 0,1 pL of sample. : . 

' ' ' • ■ ■ 

55* The sensor of claim 51, wherein the redox mediator is immobilized on the 

■ ■ • . . • • • . . • 

working electrode. 

56. The sensor of claim 5 1 , wherein the redox mediator is an air-oxidizable . 
redox mediator. 

• : . • * 

57. An electrbchemical sensor comprising: 
two or more facing electrode pairs, each electrode pair comprising a working. 

* 

electrode, a counter electrode aiid a measurement zone disposed approximately 
between the working and counter electrodes, wherein the measurement zone is sized 
to hold less than about 1 fiL.of sample; and 
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non-leachable redox n,ed^<« on the working 
.electrode pairs. 



58. 'n'«Wofclaim57,wh«emthei^^^^ 
worldly electrode of at Jeastone of the clecliod 



59. Tbesensorofclaim57,vvhereinthemeasurementzo«e^ 
electn)de pairs is sized to hold less than about 0.5 pL of sample. 

60. 'n»e^««>rofelaim59.wherem^A^ 

electrode pai^ is sized to hold less than about 0.2 pL of sampk^^ 

■ - • 

. - ' ' - ■ 

m 

61. "I^^^ofcbinieO/whereinthemeasurementzo^ 
dectrode painj is sized to hold less than about 0.1 pL of 5^^^^ 

: * • 

, . ■ ■ ■ *. m 

«2. >Ps««»rofcraim 57, wherein at least one elecfr^^ 
^vorking electrode including non-leachable enzyme and redox mediator, and wherein 
at least one electrode pair conq,rises a working electrode including non-leachable 
redox mediator in the absence of the enzyme. 



63. TT^e sensor ofclaim 62. fimher comprising a third electrode pair having 
redox mediator or enzyme on the wpfkingelecbode. . 



no. 



64. IT^e sensor ofclaim 57. further comprising sorbent mat^^ 
measurementzoneofat least one ofthe electrode pairs. ' 



65. Th6 sensor of claim 57. wherein the redox mediator is an air-oxidizable 
redox mediator. 



66. An dectrochemical sensor for deteimining the concentiatioi, of an analyte in 
a sample, the sensor comprising: 
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a facing electrode pak comprising a worldng elec^ 
. electrode; 

a measurement zone positioned between the working electrode and'counter 
electrode; and 

sorbet material disposed at leas^t partially wi 
reduce the volume of sample needed to fill the measurement zone; - 

wherein the rneasurement zone is sized to contain a volume of le^^ 
about 1 nL of sample. ' 



67. The sensor of claim 66^ wherein the measurement zone is sized to contain a 
volume of less than about 0.5 pL of sample. 

. ■ ■ - . . • • 

68. The sensor of claim 67, wherein the measurement zone is sized to: contain a 
volume of less.than about 0^2 pL of sampk^ 

69. The isensor of claim 68, wherein the measurement zone is siziE5d to contain a 

■ 

Volume of less than about 6.1 pL of sample. 

- ■ ■ . ' ' ' '. 

70. The sensor of claim 66, wherein the sensor further coinprises non-^leachable 
redox mediator on the working electrode. 

• ■ ' •' - . - 

71. the sensor ofclaim 70, whi^ein the redox mediator is immobilized on the 
working electrode. 



72. The sensor df claim 66, wherein the sorbent material has a void volume of 
between about 5% and 50% of the total volume of the sorbent material. 



73. The sensor of claim 72, wherein the void volume is about 10% to about 25% 
of the total volume of the sorbent material. . 



74. An electrochemical sensor for determining the concentration of an analyte in 
a sample, the sensor comprising: 
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a working electrode; 

a non-leachable redox mediator op the wprldng ele^ 

a sample chamber for holding the s^^^^ 
workingelectrode; aiJd. 

sorbent iMterial disposed witbm Uie s^^^ 

wherein the sample clumW is sized to colitaih ^ 
KiL of sample,. 

■ 

75. The sensor ofcjain, 74, wherein the sainple chamber is sized to 
volume ofiess than about 0.5 pL of sample. . . . . ■ 

76; The sensor ofclaim 75. wherein the sample chambtt is sized^t^ 
volume of less than about 0.2 jjL of sample! 

• ■ • ■ 

77, A method fpr deteimining the concento^^^^^ 
cctoprising the steps o£ -. 

contacting the sample with an electrochemical sensor; the^^«^ 

an elebtrode pair comprising a working electrode and a counter 
electrode; . . 

a sample chamber for holding the sample in electrolytic contact with 
the working electrode; and 

a sorbent disposed within the ssimple chamber, 

>yherein the ssunple chambw is sa^ 
sample; and .. ' . 

detennining the concentration of the analyte by coulometry. 

78. The method pfclaim 77. wherein the method further compri^^^^ 
sample into the sample chamber using the sorbent material. 

» '* • 

■ » - • 

t 

. 79. The method of claim 77. wherein the electrode pair is a facing electrode pair. 
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80. A sensor for the detensination of the concentration of an anafyte in a sample 
having a volume of less Ituin ajtout IpL,^ . 

.... 

a support; and 

. ' • . ' * * • ■ • . .• • • ' " ' . " • 

an air-oxidizable redox mediator coaled.on the support to form a working 

, • * • . ' ' • " • 

• ■ ■ • • •■ . • 

surface for contacting sample; 

/wherein, at least 90% of the air-oxidizable r^dox mediator is' in aiii oxidized 

state prior to introduction of sample. 

•• * - .• ■ . . . . ■ . * ■ ■ .- . ■ 

* . ■ * ..... 

81. The sensor of claim 80, wherein the airH)xidizable redox imedi^ 

immobilized on the support . 

... ■ • . 

82. A method for deteraiining a concentration of an analyte in a sample, 

. . . • ^ ■ ' ■ . 

. comprising the steps of: 

•* ' ■ " . • 

contacting the saihple with a sensor comprising a support; and an airr 

oxidizable redox mediatoreoated on-the support to form a working surface, wherein, 

at least 90% of the air-oxidizable redox mediator is in an oxidized state prior to 

introduction of a saniple; and 

correlating the concentration of the analyte in the sample to a change in 

• ••■*• ■ . • . 

oxidation state of the redox mediator in the presence of analyte. 

■ 

* • * • 

83 . The method of claim 82, wherein the sensor is an optical sensor. 

84. The method of claim 83, wherdn the step of correlating the concentra^ 

the analyte comprises: 

■ 

. ■ 

irradiating the redox inediator with light; 

measuring the response of the redox mediator to irradiation by light; and . . 
Correlating the concentration of the aiialyte to the measured response of the 
redox rhediator. 

85. The method of claim 84, wherein the step of ineasuring the response of the 
redox mediator to irradiation by light comprises measuring the absorption of the 
irradiated light by the redox mediator. 
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86. Tie method of claim H wherein the st^ofmeasuring the response of th^ 
redox mediator to irradiation by light comprfees measuring the ^ttance of the 
iiradiated light by the redox 



87. TT'e«^thodpfcIaiin84.\^ereiiithestepofm^^ 

redox mediator to irradiation by light comprises measuriiig the lluoxescehce of the- 

redox mediatorafter irradiation by Ught. 



88. TT^e method of claim 84- w^^^ 

redox mediator to irradiaUpn by light comprises measuring the reflection of light by 
the r6dox mediator. 



89. The method ofclaim 82. wherein the sensor is an 

90. ^e«>ethodofclaim89.whereinthestepofcorrdatingthecon«^^^^ 
the analyte comprises: 

,*.*." 
applying ah electrical potential across the redox mediator; 

"^"g«<^entatoneormoreintervals,thecu,Tentbeing.geherate^ 
response to the electrolysis of the redox mediator in the presence of the analyte; and 
correlating the concentration of the analyte to the measured cunent 



91. Tl^emethodofclaim 82, wherein thert^xmediatorcompris,. a tr^iti^^^ 
metal complex: 



92. The method ofclaim 91. wherein the transition metal complex comprises an 
osmium complex. 



93. ILc method of claim 92. wherein the osmium complex comprises osmium 
complexed:with at least one ligand having a nitrogen-containing hetenicycle. - 
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94. The method of claim 93/\vherein the ligand ha 

.. *. - _• 

heterocycle comprises 2^^bipyridme, 1 il p-pherianthrdline, or a derivative thereof. 

- " • • • ■ ■ ' '. 

.95. TTie method of clmm 94, whereiii the ligahd.having.am^ 
heterocycle comprises a mono-, di-, or polyalkoxy derivative of 2;^ 
1,10-phenanthroIme, wrherem the carbon to oxygen ratio of the alkoxy functional 

* . " » " * . • 

groups is sufficient to retain solubility of the transition metal complex in water prior 
to crosislinkihg. 

- 

• ■ • 
■ ■ 

96. . Tne metlK)d of claim .95, wherein the nitrogenH:onti2^ 
comprises 4,4'-dialkoxy>2,2'-bipyridine or 4,7Klialkoxy-l,10-phenanthro 
wherein the carbon to oxygen ratio of the alkoxy functional groups is sufficient to 
retain solubility of the transition metal complex in water prior to crosslinking. 

97. The method of daini 96, wherein the nitrogen-containing heterocycle 

• ■ ' • .• • • ■ 
con4>rises 4,4*-diniethoxy-2,2'-bipyridine or 4,7Haimethoxy-l ,1 0-phenanthrplina. 

• ' ■ , . 

98. The method of claim 92, wherein the osmium complex comprises osmium 

• - ' * * ■ ' / ■ • 

complexed with a polymeric ligand. 

99. The method of claim 98, wherein the polymeric ligand comprises a nitrogen- 
. containing heterocycle. 

• . ■ - • * • ♦ 

1 00. The method of claim 99, wherein the polymer comprises poly(4-vjnyl 
pyridine) or poly (1-yinyl imidazole). 

101. The srasor of claim 1 00, whorein the redox mediator comprises Os(4,4'- 
dfanethoxy-2,2*-bipyridine]2Cr'*^ or Os[4,7-diipethoxy-l JO-phcnanthrplineljCr'^^ 

compiexed /With poly(i -vinyl imidazole). 

■* • » 

1 02. The sensor of claim 82, wherein the sensor further comprises a second 
electron transfer agent coated on the support and in contact with the redox mediator. 
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103. T^^nsw of claim 102, whaem the set^^^ 
enzyme. 



104. Thesensorofclaiinl02.wherdn&^ 
iOHuobUized on ibe supDort 

• ^ 

105. The W»r of claim 82, ^yherein the air-oxidizable redox mediator is ' 
inunobilized on the support. 



106.. A?««thodformeasuringana!yteinap^^^^^ 

Patient with an ai^lytetteasunng device, . 

comprising: 

sample acquisition means for pioducing a patient sampfe^^ 
an electrochemical sensor for measuring analyte in the sample; 
wherein the electrochemical sensor comprises: 

- a fatang electrode pair, comprising a wprking elcctrode ^^^^^ 
counter electrode; and 

ameasurement zone positioned between the working 

electrode and counter electrode, wherein the measurement zone is 
sized to contain a volume of less than about 1 of sample; 

acquiring a sample using the sample acquisition means; 

electrochemical sensor; and 

determining the concentration of the analyte in the sample by coulometry. 

107. Tlie method of claim 106. wherein the sample acquisition means comprises a 
skin-piercing member and the step of acqiiiring a sample comprises piercing the 
patient's skin to produce a sample. 

' ■ 

108.. Themethodofclaiml07,whereintheskinpiercingmembercompmesa 
lancet. 



* . * ■ » 
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109. The methodof claim 106, wherein the dect^ 

• * • . ■ • • 

comprises a soibent material disposed within the measuirement zone of the sensor. 



110. The method of claim 109, wherein said transporting comprises:. 

wicking the sample into the measurement zone using the sorbent material. 



111. The method of claim 1 06, wherein the measurement zone is sized to contain 
a volume of less than about 0.5 ML of sample. 



1 12. . The method of claim 1 11, wherein the measurement zone is sized to contain 

■"..■*.-. 

• . ... • • _ • - , 

a volume of less than about 0;2 iiL of ssuriple. 



1 13. : The sensor of clmxi 1 12, wherein the measurement zone is sized to contain a 
volume of less than about 0.1 of sample. . 



1 14: The method of claim 1 06, wherein thesensor further comprises anon- 
leachable redox mediator. 



115. The method of claim 1 1 4, wherein the redox mediator is aii air-oxidizable 

. • • - • • - 

redox mediator. 



116. A method for measuring analyte in a patient sample, the method comprising: 

* * . • * 

. contacting the patient with an analyte measuring device, the device; 
comprising: 

sample acquisition, means for producing a patient sample; and 

• - . 

an electrochemical sensor for measuring analyte in the sample; 
wherein the electrochemical sensor comprises: 

a working electrode; 

■ . • • . ..." 

non-leachable redox mediator ori the working electrode; and 
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- 

a sample chamber for tolding the sample in eJectroJy^^ 
. contact wiUi the working el^od^^^ 

, ^f°'^o»^»avohjmeof lessthaoaboutl pLbf^^^ . 

. .a<3iuiring a sample using the sample acqui^^^ ' . ; 

transporting a portion Of the sampk 
electrochemical siensor. and 

dete^ining the concentration of the analyte in the^^s^^^ 

" - , * ■ ... 

117. . An analjrtemeashjiement device comprism^^ 

sample acquisition means for producing a patient sample- 
an electrochemicd sensor comprise 

a feeing electrode pair comprising a woridng electrode an^ 
electrode; 

; a npn-leachabie redox mediator on the v^ildng elec^ 

a measurement zone positioned betweenthe vvorf^^ 
counter electrode; 

. ■ • ■ . ■ 

/ "^^^^ ^^^ measurement zone i? sized.tocontam 
than about ] pL of sample; and 

tran^rtmeans for transporting the sample produced by the sample 
acquisition means to the measurement zone of the sensor. 

1 18. TT« device of claim 1 17, wherein the sample acquisition means comprises a 
skin-piercing memher. 



119. Thede>^ceofclaim 118. wherein Aes^^^^^ 
lancet 



120. The device ofclaiml 17, wberdn the redox mediatorisimmoMizedo^ 
working electrode. 



121. Tl^edeviceofclaim 117, wherein tberedoxmediatorisanair-oxidizable 
redox mediator. 
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122. "niedeviceQfclaim 117, wherein. Ihetransportm^^ 
material, a capUlaiy chamber, or a pump. 

123. An analyte mcasureihent device comprising: 
sample acquisition means for p^ 

an electrochemical sensor coupled to the sample acquisi^ 

. comprising: . 

• ,. '*' 

a facing electrode pair comprising a working electrode and a coiuiter 

♦ ' • ' ' \ ■ " 

. electrode; . .. 

a measurement 2x>ne positioned between the working electrode and 

coimter electrode; and 

■ ■ ■ •■.*■■ 

* " * * « ' ■ - 

sorbent materia disposed within the measurement zone; . 

wherein the measurement zone is sized to. contain a volume of less 

■ . . • . . ■, . . 

than.aix)utl ul of sample; and 

transport means for transporting the sample pr^ 

. ■* " • • * ' • . ■' ■ • 

acquisition means to the measurement zone of the sensor* 

: • . 

124. The device of claim 123, wherein the trani^ort means is the sorbeiit material. 

* ' , . - 

125. A method for determination of a concentration of an analyte in a sample, the 

method comprising the steps of : 

contiacting a s^ple with an electrochemical sei^ 

first and second ielectrode pairs, each pair comprising a working . 

electrode, and a sample chamber for holding 

contact with the working electrode, the sample chamber sized to contain a 
volume of less about 1 pL of sample; wherein said first electrode pair 

■ ^ ■ ' • 

includes a non-leachable redox mediator and a non-leachablc enziyme on the 

'. ■ . ■ - * ' • . 

working electrode; and wherein said second electrode pair includes non- 
leachable redox mediator on the working electrode in the absence of enzyme; 
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; measuring substantially samu^^^ 
currenigenmted at tte first electrode pair an^ 
second electrode pair; and 

""^^erating the Measured first cuma»ls 

mtegrating the measured second cunents over tinie to dbtam^^ . 

charge; 

subtracting the second charge fiom the first chargt to. ob^ 
. charge; and 

coixelating the concentration of the anajyte to the noise-i^duced charge. 

" • . • " ■• • ' . 

-■ • ■ . • * • 

.126. ThejnetMofclaim]25.whereinthefiistandsecojjdelectro^^ . ' 

facing eJectrodepairs and fimher com 

zpne between the woridpg dectrode and CdVmte^ 
sized to contain a volume of less than about 1 pL of safliple. 



;Zone 



127. Amelhodfordeterminirigaconcentrationpfananalyle 
method comprising the steps of: 

providing an electfochemical sensor, the sensorhaving one or more facing 
electrode paire, each electrode pair comprising a^W 

electrode, and a measurement zone between the working electrode and the counter 
electrode, the measurement zone having a voliime of less than about 1 jiL, wherein 
the measurement zones of the one or more electrode pai;s have approximately equal 
volumes,andwhei«natl«astoneof . . 

niediator on its wodEiiig electrode; 

measuring a capacitance ofat least one ofthe electrode pairs; 
calculating the volume ofthe measurement zone ftom the capacitance 
measuremdit; 

contacting the sample with the sraisor, and 

determining the concentration ofthe analyte in the sample by coulometry. 

128. Tbe method of claim 127, wherein the redox mediator is a non-leachable 
redox mediator. 
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• ■ • . ■ ■ ■ • - • ', ' 

1 29. A method of storing and packaging an analytical sensor comprising the steps 

of: • ' • • ■ ■ ' 

■ • ' • " ' ' 

. packaging an analytical sensor in an atmosphere containing molecular 
oxygen, the sensor comprising an air^bxidizable redo 

» * * ■ ■ 

130. The method of claim 129, wherein greater than 90% of the redox mediator is 

. " ■ ■ ■ . - * . ; ■ • ■ 

in an oxidized state after being stored for mbre than one month. 

131. A method for determining a concentration of an analyte in a sample 
comprising the steps of: ... 

. contacting the sample with an electrocheniicd sensor, the sensor comprising 
a worldng electrode and a non-Ieachable redox mediator on the working electrode, 
wherein the molar amount of redox mediator in a reduced form prior to introduction 
: of the sample is less than, on a stoichiometric basis, 5% of the expected molar 
amouifit of the analyte to be electrolyzed; 

electrolyzing less than abo^ 1 pL of sample^ 

deteimixiing the coiicentration of the analyte in the sample by coulometry. 

132* A method of determining a concentration of an analyte in a sample 
con^prisingthestepsoft 

contacting the sample with an electrochemical sensor comprising a working 
electrode, a counter electrode, and a measurement zone bounded on at least two 
sides by the working and the counter electrodes, wherein the measurement zone is 

sizedjb contain, le^s. than about 1 pL o^ . . 

determining the.concentration of the analyte in the sample by coulometry. 

1 33. . The electrochemical sensor of claim 5 1 , \yberein the working electrode 

comprises a first arm and the counter electrode comprises a second arm, a portion of 

./'...* - ■ 

the first arm overlapping a portion of the second arm, the mea5in;ement zone 
comprising a region between the overlapping jwrtions of the first and second arms. 
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134. "I^dectrochemical^i^^rofcJaim^ 

length and the overlapping pbxtion of the fust am, has a vwdth. wherein a mtio of the 
extra length of the first ann to the xvidthrf^^^ 
ranges fiom 0.1:1 to 50:1. 



135. The electrochernieal sensor of claim 134, wherein the ratio ranges from 1:1 
to 15:1. 



' 136. Theelertrochemicalserisarofclaim 134, wherein thei^o ranges from 41 
to 10:1. • 



137. TTie electrochemical sensor of claim 133, whferein the first and second ariris 
. intersect at an angle greater thMi 0 degrees. . 

> • « 

* - b • 

' m ' * 

13 8. The electrochemical sensor ofclaim 74, wherein the sorbent material 
comprises a powdered material diqwsed. on the workii»g electrode. 

139.. The electrochemical sensor ofclaim 51. wherein the facing electrode pair 
comprises a base material having a recess and at least one of the working electrode 
and the counter electrode disposed m the recess. 

140. The electrochemical sensor of claim 5 1, ftarther comprising a filler material 
disposed in the measurement zone to decrease a volmne of the measurement zone 
avaiiable for Ac. sample. 

141. The electrochemical sensor of claim 140, Wherein the filler material is 

■ » 

hydrophilic. 

142. The electrochemical sensor ofclaim 57, wherein the two orinore facing 
electrode pairs comprises a first electrode pair responsive to a first analyte and a 
second electrode pair responsive to a secpnd analyte. 
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143. The method of clauii 33y wherein the sensoiTTO^ 
electrodes, each working clectr^ 

. . ■ ■ " • • ... 

■ . • ' • ' • ■ ' • ■ • • . . • 

• *• ■ ■ ■ - ■ • . ■ ; • - 

.*.*.. . " . . 

. .1^. The method of claim 143, whCTem determine 
analyte comjprises averaging measuremejits firpm the at least two working electrodes. 

• - * * ■ ■ 

145. The method of claim 144, wherein determining the cpncentratioii of the 

analyte farther comprises eliminating measuremeiits which exceed a threshold value. 

•■ . .... . . 

' . ■* . ■ • . • . . . .. 

- ' ' . . • '■ . ■ ' ' 

146 The method of claim 145, wheremdetennining^A^^ 
. analyte fiirther comprises reayeraging tho measurements ynihoui the eliminated 
measurements. 
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